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Preface to the series 
There have been many autobiographical accounts of the creative 
process. These tend to concentrate on one level, and within that 
one aspect, the cerebral, intellectual working of a single thinker or 
artist’s mind. Yet if we are really to understand what the conditions 
are for a really creative and fulfilling life we need to understand the 
process at five levels.  
At the widest, there is the level of civilizations, some of which 
encourage personal creativity, while others dampen it. Then there 
are institutions such as a university, which encourage the individual 
or stifle him or her. Then there are personal networks; all thinkers 
work with others whether they acknowledge it or not. Then there is 
the level of the individual, his or her character and mind. Finally 
there is an element of chance or random variation. 
I have long been interested in these inter-acting levels and since 
1982 I have been filming people talking about their life and work. 
In these interviews, characteristically lasting one to two hours, I 
have paid particular attention to the family life, childhood, 
education and friendships which influence us. I have let people tell 
their own stories without a set of explicit questions to answer. This 
has led them to reflect on what it was in their lives which led them 
to be able to do their most interesting and rewarding work. They 
reveal the complex chains which sometimes lead to that moment 
when they discovered or made something new in the world.  
 I started for some years mainly in the disciplines I knew, 
anthropology, history and sociology. But after 2006 I broadened 
the project out to cover almost all fields of intellectual and artistic 
work. I have now made over 200 interviews, all of them available 
on the web.  Future volumes based on these interviews are outlined 
at the end of this volume.  
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How to view the f i lms  and download  a free PDF
The films are up on the Internet, currently in three places. 
Alan Macfarlane’s website, www.alanmacfarlane.com 
and also the Streaming Media Service at Cambridge.
On both of these, the full summary of the interviews are 
available. On the streaming media service, various formats of 
video are available.  
Most of the interviews are also up on the ‘Ayabaya’ channel of 
Youtube.  
The films can be seen from within a free PDF version of this 
book by pressing on the image. You will need to download an 
Adobe Acrobat PDF reader (free) from the web if you do not 
have it.  If you right click on the film, other options open up. 
The free PDF version can be obtained by going to Dspace at 
Cambridge and typing Macfarlane Encounter followed by the 
name of the book, for example 'computing' or 'economics'. 
 
Unless otherwise specified, all the interviewing and filming was 
done by Alan Macfarlane, mostly in his rooms in King’s College, 
Cambridge.  
The detailed summaries, with time codes to make it easier to find 
roughly where a passage of special interest is to be found, were 
made by Sarah Harrison, who also edited and prepared the films 
for the web.  
The cameras improved with time, but there are occasions when 
both the early cameras and microphones were less than 
satisfactory. We have had to wait for the technology to catch up. .  
         The filming and summaries
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Introduction 
The encounter with astronomers and cosmologists has been 
accidental. As a child I do not remember being particularly 
interested in the stars and I never did any science at school. So it 
was really only when in 1974 the Department of Social 
Anthropology in Cambridge set up an annex in what was known 
as the Colloid Building in the Old Cavendish Laboratory, and 
that I was the first inhabitant of this annex on a lectureship in 
January 1975. 
 I soon learnt that the Department of Radio Astronomy had 
occupied my room, and the rooms around it, and that the year 
before I moved in Martin Ryle and Antony Hewish had won the 
Nobel Prize for the discovery of pulsars. In my room, there was a 
small inner, sound-proofed room, and a wire trailed across the 
road outside to it from the computer laboratory. I was told that it 
was along this wire that the regular pulsing signals had come which 
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Jocelyn Bell had first noticed and then brought to the attention of 
Hewish. So for many years I told people that it was in my room 
that pulsars were discovered.  
      My own story in the room as I told others can be seen in a 
short interview made as I cleared out my books and papers after 
34 years, prior to my retirement in summer 2009. Behind my 
head is a blackboard on which two of the people I will describe 
below had signed their names. Dirac’s equation was written up by 
Neil Turok, and his signature is there. At the bottom is the start of 
the signature of Antony Hewish.
http://downloads.sms.cam.ac.uk/1781750/1781753.mp4 
 It was only much later, when I interviewed Antony Hewish and 
then brought him to see his old department that he told me that 
though the room had indeed been part of the story, much of the 
action had happened in adjacent rooms through the door in what 
later became Social and Political Sciences.  
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    I also brought Simon Schaffer, Professor of the History and 
Philosophy of Science in the Department next door, to look at my 
room and to tell a more accurate version of the development of 
astronomy.  
http://downloads.sms.cam.ac.uk/1781757/1781779.mp4 
I remained interested in the history of the room over the 
years, so when I started to interview scientists I was delighted 
when Antony Hewish agreed to be one of the first. I had never 
met him before but he seemed a warm and accessible man and I 
enjoyed the interview very much. The chance to see with him the 
lecture room where he had announced to a large and expectant 
audience the existence of a new species of star was special. 
* 
 In fact, my first encounter with an astronomer had occurred 
before I moved into the Old Cavendish. I had become a Research 
Fellow at King’s College from 1971 and was a member of the 
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‘Electors to Fellowships’. When a new Professor was elected in the 
University, the Colleges would try to persuade him or her to join 
them. Although Martin Rees had been an undergraduate at Trinity, 
we were assured at the Electors that he was of outstanding 
brilliance and we should try to encourage him to join the 
Fellowship, which he did in 1973 when he became Plumeian 
Professor. I have known him since.  
 I had always liked him for his modesty and wisdom, so when I 
started to interview scientists in May 2007, he was one of the first I 
chose, interviewing him in August. I remember that he was 
immensely busy and could only spare an hour at a time, but when 
he came back for the second part he had carefully remembered to 
wear exactly the same tie and jacket. A typical gesture of an 
immensely thoughtful, organized and courteous man.  
* 
The third interview was another piece of good fortune. I had 
visited Slovenia in connection with the publications a book of mine 
in November 2007.  In Ljubiana I had met a young journalist and 
academic, Tina Košir; she had interviewed me and I had 
mentioned the interviews I was doing. The following February, 
Tina suggested that I should interview a younger cosmologist, then 
a Professor in Cambridge, Neil Turok. I admit I had never heard 
of him and was a little wary about such an interview, but Tina 
offered to come over and share the interviewing with me. Parts of 
the interview were published in the Slovenian press. Turok turned 
out to be an idealistic, charming and enthusiastic young man and I 
found my ideas on the possibility of multiple parallel worlds 
challenged my ignorant assumptions. 
* 
    The next interview was equally fortuitous. We had been invited 
to attend a conference in Italy run by the Templeton Foundation. 
Among the participants was Owen Gingerich. When I learnt of his 
interests in astronomy and the history of science and had talked to 
him several times, I invited him to do an interview. This took place 
six months after the intervie with Antony Hewish and has been my 
last interview in this field. 
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But a couple of months later, my colleague Mark Turin then at 
Cornell University in the U.S.A. asked whether I would be 
interested if he interviewed the distinguished astrophysicist Edwin 
Salpeter, terminally ill but prepared to do an interview. It took 
place on 12th November and two weeks later Professor Salpeter 
died.  
* 
This obviously constitutes a tiny sample of the distinguished 
thinkers in this field, yet to watch minds who are contemplating the 
vast spaces of the universe, and to do so from the background of 
Cambridge where there have been so many distinguished thinkers 
in this field from Newton and Herschel through to Fred Hoyle and 
Stephen Hawking, is a great privilege. It puts many of the other 
fields of thought into perspective and links these almost infinite 
speculations with the small room in the Old Cavendish Laboratory 
into which I moved my books and papers in 1975 and which 
became my home for thirty-four years.  
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Martin Rees 
Interview on 22 August and 3rd September 2007 
http://downloads.sms.cam.ac.uk/1129468/1129475.mp4 
Martin Rees, Before the Beginning – Our Universe and Others 
(1997) 
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Adapted from Wikipedia – 17.8.2014 
Martin John Rees, Baron Rees of Ludlow, OM, FRS (born 
23 June 1942) is a British cosmologist and astrophysicist. He has 
been Astronomer Royal since 1995 and was Master of Trinity 
College, Cambridge from 2004 to 2012 and President of the Royal 
Society between 2005 and 2010. 
 Rees is the author of more than 500 research papers, and he has 
made important contributions to the origin of cosmic microwave 
background radiation, as well as to galaxy clustering and formation. 
His studies of the distribution of quasars led to final disproof of 
Steady State theory. 
He was one of the first to propose that enormous black holes 
power quasars, and that superluminal astronomical observations 
can be explained as an optical illusion caused by an object moving 
partly in the direction of the observer. In recent years he has 
worked on gamma-ray bursts, especially in collaboration with Peter 
Mészáros, and on how the “cosmic dark ages” ended when the first 
stars formed. In a more speculative vein, he has (from the 1970s 
onwards) been interested in anthropic reasoning, and the possibility 
that our visible universe is part of a vaster “multiverse”. 
He is also a well-respected author of books on astronomy and 
science intended for the lay public and gives many public lectures 
and broadcasts. In 2010 he was chosen to deliver the Reith 
Lectures for the BBC, now published as "From Here to Infinity: 
Scientific Horizons". Rees believes the Search for Extraterrestrial 
Intelligence is worthwhile, even though the chance of success is 
small. 
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INTERVIEW SUMMARY 
Martin Rees interviewed by Alan Macfarlane 22nd August 2007 
0:09:07 Born in York but brought up on the Welsh borders; 
parents both school teachers who in 1948 started their own school, 
a progressive boarding school, in south Shropshire; as an only child 
got a lot of personal attention; father a versatile man who painted, 
composed, wrote and was interested in politics so learnt a great 
deal from him as well as through formal education; until thirteen 
attended the school my parents ran and then sent to Shrewsbury 
3:30:02 As a young child had no particular interest in stars or 
science; I always found languages the worst subject and to avoid 
these I tended to shift into science and mathematics; at Shrewsbury 
there were very good teachers, especially in science; senior physics 
master, then in his sixties, had been told he was not good enough 
to do research when at Cambridge so went into teaching; one of his 
year was Neville Mott, one of the greatest physicists of the century; 
shows the quality of people that went into teaching in the 1930's; 
his name was Bill Matthews, and he was one of several, including 
Geoff Chew, later a keeper at the science museum and now in his 
nineties, who was an excellent teacher; also interested in music and 
learnt to play the piano and sang in the choir; singing in the chapel 
was one of the most pleasant memories of school; high point in 
sport was coxing a rowing four 
7:23:04 At A level did mathematics and physics and applied to 
Trinity, Cambridge; did mathematics though in retrospect should 
have done science; realized I was not a real mathematician so in 
my final year shifted from pure maths to applied maths; did think 
of going into economics; bit of good luck was to get a research 
studentship to stay in Cambridge and my most important piece of 
good luck was being assigned to a good supervisor, Dennis Sciama; 
this was 1964-5 and my research topic in astronomy and cosmology 
was at an exciting time when black holes and the big bang were 
being discussed , and also a subject where everything was new and 
it was possible for a young person to make an original contribution; 
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Cambridge had been a centre for radio astronomy since the 
previous decade; some of the first evidence against the steady state 
theory came from the radio astronomers in Cambridge and also 
the first evidence that black holes existed came from by-products of 
the work that they were doing; an exciting time that suited my style 
of thinking as I have never been all that good at long deductive 
chains of reasoning, always preferred a more synthetic or synoptic 
style of thinking; making sense of fragmentary and disconnected 
seeming data and seeing whether it fitted into a pattern which 
would explain it; this is the theme of the work I have done ever 
since; at that time I was part of a group in the Applied Maths 
department but I had close links with the group in radio astronomy 
and went to their seminars; the discovery of pulsars came in 1968 
when I was in CALTEC for a few months and Dennis Sciama 
wrote to me about the important seminar that Anthony Hewish 
had given 
13:10:14 At that time Dennis Sciama was a very important role 
model, an articulate person who had broad interest within and 
beyond science; very encouraging and also had a good set of 
students including Stephen Hawking, Brandon Carter and a 
number of others; we learnt from each other as well as from him; 
Fred Hoyle was still around but was an isolated figure due to 
departmental disputes; got to know him in 1967 when I got my 
Ph.D. he opened a separate institute and offered me a job as a 
post-doc; however, as a scientific mentor he was never as important 
at Sciama because, although unique in the subject, by then he was a 
rather isolated figure and cut off from the main stream; he was a 
Yorkshire man and a warm character whom I admired; in 1972 he 
resigned from Cambridge and I, by then a professor at Sussex, was 
appointed as his successor; he had always been supportive even 
though I had been writing papers contradicting his preferred 
theory; he was never reconciled with the big bang theory and 
preferred the steady state though later compromised and believed 
in some sort of steady bang 
16:31:01 Stephen Hawking was two years ahead of me and when I 
joined Sciama's research group he was in his third year; his disease 
had already started and Sciama had indicated that it was not certain 
he would finish his Ph.D.; one would never have predicted his 
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future career but now celebrating his achievements forty years later; 
in terms of work our scientific interests have slightly diverged in 
that my work has been more closely linked to observations where 
he has moved to more speculative areas so we have never 
collaborated; 'Short History of Time' was an extraordinary 
phenomenon though as a book it wasn't particularly good; it did do 
a great deal of good for the subject as, apart from the work of Carl 
Sagan, Stephen made the widest impact making people aware of 
the work in astronomy and cosmology; seems to me that although 
the details are rather arcane and technical, it is possible to get over 
the concepts to a general readership; gratifying that a wider public 
is fascinated; I would get less satisfaction from my own work if I felt 
that I could only discuss it with a few colleagues; looking at the 
interests of the wider public they focus on the fundamental 
questions of origins; glad to be able to convey ideas of the origin of 
the universe to a wider audience; also good for professional 
scientists to speak to people outside their special expertise because 
it forces them to think of the bigger problem that their own work 
feeds into 
22:33:15 Thoughts about writing books on science for a wider 
audience; don't test my general writings beforehand simply because 
of embarrassment, but most of my books have stemmed from 
lecture notes or articles and have been tested; not a natural writer; 
don't enjoy lecturing but like preparing lectures 
27:26:20 After Ph.D. got a three year research fellowship at Jesus 
College but almost immediately went off to US for short spells, six 
months at Caltech, back to Cambridge, then six months at 
Princeton; 1972 went to Sussex University as professor and at the 
time had no expectation of coming back to Cambridge; have been 
based here ever since 1973; went to Institute of Advanced Study at 
Princeton and have frequently visited but for my subject 
Cambridge has been a strong centre; having visited many places in 
US have not found anywhere that offers the combination that 
Cambridge does of the good departmental structure in nice 
surroundings and the extra dimension of colleges and 
interdisciplinary contacts; the latter has been important in my life if 
not my subject; own department is well known for it informal 
interaction where everybody meets for coffee and work with doors 
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open and lots of visitors come and go; very important indeed for 
young people to be in a place where they can easily meet senior 
people; contact with people in other spheres has been very 
important in my own education; as a fellow of King's for a long 
time it gave me the chance to get to know people like Sidney 
Brenner, Frank Kermode, Dan McKenzie, leaders in their subjects 
and to do that even as a young person; in American universities 
unlikely to routinely meet people from other departments as we do 
in Cambridge where each college is a microcosm of the university; 
found it very helpful as a young professor to be involved in the 
selection of college research fellows, comparing people across 
different subjects and getting a feel for the different criteria and 
standards, something only senior people get in the US system 
 
33:36:05 Thoughts about King's College; famous for its chapel and 
the excellence displayed there is an important feature; comparing it 
to Trinity, similarities outweigh the differences; Trinity larger and 
somewhat more formal place, chapel not so famous but do have 
outstanding music there; as Master find the role even more non-
executive than the master of other colleges as there is a very large 
fellowship with a very strong commitment to the college; have been 
very impressed by the willingness of the fellows to devote time to 
the college; great privilege to be there and do enjoy it; the year after 
my appointment was appointed President of the Royal Society 
which is also a privilege but is quite time consuming; to be honest, 
if I had known that I was taking on the Royal Society I might not 
have taken on the Mastership of Trinity 
 
37:45:15 The Royal Society is changing and is concerned to look 
towards the future; in 2010 we celebrate our 350th anniversary and 
for this trying to raise £100m; already engaged in policy over a 
wider range than before as science and technology enter into 
Government policy on more fronts; want to ensure that decisions 
can be made on the best available scientific evidence; international 
aspect has expanded into things like pandemics and climate 
change; three years ago a routine meeting of the academies of the 
G8 (now G8 plus 5) countries was established in the lead-up to the 
summit; the academies make statements which can feed into the 
summit; above all the Royal Society is trying to retain excellence 
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and quality of science in this country which is crucial for the 
country 
 
42:16:23 Asia as the intellectual centre of the future; the Labour 
Party and association with it; now in House of Lords as a cross-
bencher; unlike most scientist I have always been fascinated by 
politics so would like to spend more time there but do try to attend 
twice a week; hope to be able to participate more in the future 
 
45:48:18 Own work tries to use physics to understand what is out 
there in the cosmos; have worked on a fairly broad front, one is 
trying to understand how the universe changed from being a hot 
amorphous gas in the first million years after the big bang to its 
present state where it is very diffuse, trying to understand how the 
first stars and galaxies formed, what they were like, how we can use 
observations to test conflicting theories; second thing has been to 
understand extreme phenomenon in the universe to throw light on 
the laws of nature; have worked on gamma ray bursts which release 
in a fraction of a second more power than the sun puts out in its 
entire lifetime; trying to get clues on the nature of matter under 
extreme conditions, nature of black holes etc.; so two main areas 
are how structures originated in the universe and how we can learn 
from extreme phenomenon in the present-day universe more 
about the laws of nature; also do more speculative things on the 
nature of the laws of nature themselves and is the part of the 
universe we can observe most of physical reality or just some tiny 
fragment of it, could there be other big bangs; some hopeful that 
we may be able to complete the program which started with 
Newton and continued with Maxwell and Einstein of trying to unify 
together the different forces of nature, electricity, magnetism, 
nuclear forces, gravity etc.; there may be such a unifying theory but 
it may be beyond human brains; there is no particular reason to 
believe that human brains are matched to understand the deepest 
level of physical reality so we have to accept that there may be a 
theory but it may be beyond us; if we had such a theory it would be 
the end of a certain style of science but it would not be the end of 
science because most scientists are trying to understand 
phenomena in the everyday world; they are held up by the 
complexity of what they are studying but not by what happens 
inside an atomic nucleus; unified theory will complete the work of 
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Newton and Einstein, but the most complicated challenge in 
science is to understand things like ourselves 
 
53:16:13 Thoughts on the existence of God; working habits and 
ability to do so much with time; advice to a young scientist 
 
SECOND PART 3rd September 2007 
 
0:09:07 Nature of ideas; few Kuhnian revolutions in science; 
Einstein extended Newton's laws but didn't overthrow Newton; 
science is an evolutionary procedure; in my subject advances have 
been made through new observations made possible by technical 
advances; there are key insights which are most important in the 
development of science; Dan McKenzie was involved in such with 
continental drift and tectonics that unified lots of data; the other big 
contrast between science and humanities as regards creativity is that 
in science although your work is durable it generally loses identity; 
Einstein is an exception; Peter Medawar's description of creativity; 
Kuhn's examples include Galileo v Copernicus, another is the 
quantum revolution of the early twentieth century; marvel at how 
far we can get with commonsense intuitions in making sense of the 
physical world 
 
6:05:20 Own working methods; my work has been 
phenomenology, although a theorist have been in close contact 
with observations; adopted a fairly synoptic or synthetic style of 
thinking trying to link together unrelated data obtained by different 
techniques; at the start of my career evidence was coming in for the 
big bang origin of our universe and for black holes etc. and it was 
possible to have naive and novel ideas; fortunate that my subject 
has not stagnated largely through improved technologies, and the 
rate of discoveries has remained very high; in the last few years a 
new force has been discovered which is pushing the universe and 
making it accelerate; we have learnt more about the very first 
incipient stages of how galaxies and stars form and also that our 
solar system is far from unique which has opened up an entirely 
new subject; the cosmos has become much more interesting as the 
body of data has been enriched by new technologies; tend to sit 
and think but get a lot from collaboration, talking about ideas, the 
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social side of science is a very important part of it; value of 
conferences; e-mail and internet collaboration 
 
12:56:12 Sub-nuclear physics relies on experiments that are very 
difficult to do and has been held up for twenty years though there 
is hope for new advances next year when the new accelerator at 
CERN in Geneva comes on line; also is a sign of achievement as 
particle physicists have understood everything to this point; 
however that is only one branch of science as biologists are not 
impeded by not knowing what goes on in an atomic nucleus but by 
the complexity of what they are trying to understand; each science 
has its own irreducible concepts and tries to interpret things in 
terms of those concepts so understanding the sub-nuclear world 
not important for the rest of science; however understanding the 
beginning of our universe; at present we can extrapolate back with a 
good deal of confidence to a point where the universe was about 
one billionth of a second old; at this point conditions get more and 
more extreme and the laws of physics we can test in the laboratory 
break down; we need some new knowledge of fundamental 
physics; cosmic science need quantum science at this point; suspect 
that the whole idea of space and time has to be revised 
 
19:18:00 Space technology has been very important for my science; 
we have been able to send probes to the planets and have 
understood more about the solar system as a result; also having 
sent telescopes up into orbit can observe in a way that you can't on 
the ground; above earth's atmosphere you get much sharper images 
but also certain kinds of radiation infra-red, ultra-violet and x-rays 
which are emitted by cosmic objects and which don't get down to 
ground level as absorbed in the atmosphere; some of the things I 
have worked on like cosmic explosions would not have been 
possible without this; by-product of Soviet-US rivalry and 
developments continue for both military and commercial purposes 
where the latter now exceeds the former in expenditure; scientific 
expenditure is a tiny spin-off from this; future plans for large 
instruments in space to study back in time to where the  stars and 
galaxies were forming and to see planets round other stars, even 
planets like the earth; exciting as the planets we have detected so 
far are big ones like Jupiter, but within twenty years we should have 
telescopes in space which would be able to image a planet like the 
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earth orbiting another star; the question of whether there was life 
on other planets would be left to biologists; the question of the 
origin of life isn't understood here on earth yet; looking at the 
development of space science and technology it has also been 
motivated by sending people into space; American moon landings 
crash program driven by superpower rivalry, now thirty-five years 
ago; what is the long-term future of people in space subject of 
debate; international space station doesn't really inspire people; 
Americans have a long-term program to go back to the moon and 
to Mars but am unsure whether this will materialize; American 
civilian program is risk averse because of shuttle accidents; 
personal view is that the only future of manned space flight lies in 
high-risk private enterprise, as adventurers and explorers; the 
practical case for sending people gets weaker all the time with each 
advance in the miniaturization of robotics; the European effort in 
space has been rather low level compared with the US but feel we 
should eschew manned space flight completely and spend all our 
money on advanced robotics and then we can fully match what the 
Americans do on a much lower budget; just as the leading particle 
physics lab is at CERN in Geneva so we can make leading space 
science an activity which is driven from Europe 
 
32:02:03 Education must maintain our expertise in science and 
technology in UK but the wider public should be given a feel for 
science and technology; young people are growing up in a world 
ever more moulded by science and technology facing ever more 
ethical choices about how to apply science; need a public that is 
informed enough to take part in such debates on these questions; 
should not be left to professional scientists to decide on the 
applications of science as they have no special ethical sensitivities; 
scientists should feel the obligation to explain the scientific 
background; people should understand the key ideas and not the 
details and the fact that we are never really certain about things, 
nothing is ever risk free 
 
37:32:02 With regard to outreach, new communication media via 
the internet are crucially important; if a scientist wants to get ideas 
over clearly then writing a book or an article is the surest way; 
television is frustrating because of the compromises you have to 
make but with the internet it is possible to make videos available to 
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discerning viewers so there may be a revival of serious 
documentaries; apart from expounding ideas, dialogue is important 
and scientists have been rather remiss in not getting into dialogue 
with the public; scientists regarded as ghettoised in comparison to 
other intellectuals; bad for the image of the scientific profession; 
scientist have a responsibility to engage with the public when their 
work has implications of an ethical or societal character; classic 
case of this is the atomic scientist in World War II; many of the 
physicists who had worked on the bomb later went back into 
academia but did maintain a long term concern and responsibility 
to do all they could to urge steps towards arms control; Joseph 
Rotblat and Hans Bethe who were involved in Los Alamos devoted 
part of the rest of their lives to campaigning for control of nuclear 
weapons; have been involved in Pugwash-type activities - in 1950's 
Bertrand Russell and Albert Einstein signed a manifesto drafted by 
Joseph Rotblat and in consequence an institution was formed to get 
together scientists of east and west and first meeting was held in 
Pugwash, Nova Scotia - Pugwash conferences especially important 
in the 1960's as at that time very little opportunity of scientists in 
the Soviet Union and the west to meet; after meetings could report 
back to their governments which helped to get the partial test ban 
treaty in 1963 leading to the anti-ballistic missile treaty about 1970; 
privileged to know Joseph Rotblat who worked almost until his 
death two years ago campaigning to rid the world of nuclear 
weapons; able to see that such persons as Robert McNamara 
became convinced that this should be a long-term goal 
 
47:04:00 Own feelings about the future; 21st century is special as 
the first time that human beings both collectively and singly are 
going to have an effect on the whole planet; good that the 
destruction of the planet has come up the political agenda as a 
long-term concern; am worried about whether we can cope with 
rising population and the aspirations of the developing world 
without a long term bad effect on climate and biosphere generally; 
new risks come from us living in a more interconnected world 
where individuals are empowered more than ever before which 
means that society is far more vulnerable; technologies advancing 
faster and a broader front than ever before; as a scientist of 
cosmology and astronomy have an awareness of the long term 
future as well as the past; view that humans are the culmination but 
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I know as an astronomer that the sun is less than halfway through 
its life and any creatures that witness the demise of the sun won't be 
humans but as different from us as we are from bacteria; if we 
destroy the future of life on earth in 21st century this could 
resonate far beyond into a post-human era; we do not know if there 
is life elsewhere in the universe but this is the challenge for the 21st 
century   
 22  
 
 
 
Neil  Turok 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Interview on 19th February 2008 
 
http://downloads.sms.cam.ac.uk/1134013/1134021.mp4 
 
 
P.J. Steinhardt and N.G. Turok, Endless Universe (2007)
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Adapted from Wikipedia – 17.8.2014 
 
Neil  Geoffrey Turok (born 16 November 1958) is a South 
African physicist, and the Director of Perimeter Institute for 
Theoretical Physics. His work has been in the area of mathematical 
physics and early universe physics, including the cosmological 
constant and a cyclic model for the universe. Recent evidence for 
gravitational waves from the Big Bang appear to provide evidence 
against this model though the claim that the BICEP2 experiment 
has detected gravitational waves awaits confirmation. 
 
   Turok has worked in a number of areas of mathematical physics 
and early universe physics, focusing on observational tests of 
fundamental physics in cosmology. In the early 1990s, his group 
showed how the polarisation and temperature anisotropies of the 
cosmic background radiation would be correlated, a prediction 
which has been confirmed in detail by recent precision 
measurements by the WMAP spacecraft. They also developed a 
key test for the presence of a cosmological constant, also recently 
confirmed. 
     Turok and collaborators developed the theory of open inflation. 
With Stephen Hawking, he later developed the so-called Hawking-
Turok instanton solutions which, according to the no-boundary 
proposal of Hawking and James Hartle, can describe the birth of 
an universe. Most recently, with Paul Steinhardt at Princeton, 
Turok has been developing a cyclic model for the universe, in 
which the big bang is explained as a collision between two "brane-
worlds" in M theory. The predictions of this model are in 
agreement with current cosmological data, but there are interesting 
differences with the predictions of cosmological inflation which will 
be probed by future experiments (probably by the Planck space 
observatory). In 2006, Steinhardt and Turok showed how the cyclic 
model could naturally incorporate a mechanism for relaxing the 
cosmological constant to very small values, consistent with current 
observations. In 2007, Steinhardt and Turok co-authored the 
popular science book Endless Universe. In 2012, Turok's Massey 
Lectures were published as The Universe Within: from quantum 
to cosmos. 
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INTERVIEW SUMMARY 
Neil Turok interviewed by Alan Macfarlane and Tina Košir 19th 
February 2008 
 
0:09:07 Born in Johannesburg, South Africa, 1958; grew up in a 
very political family, always in trouble; police raids; parents very 
involved with African National Congress and the resistance 
movement; father [Ben Turok] went to prison when I was three for 
three and a half years, and mother when I was five for about six 
months; we left as refugees in 1966 and moved to Kenya, then 
Tanzania; had a wonderful childhood in Africa and then came to 
Britain; when mother was in prison I stayed with my grandmother 
in Durban; she was a Christian Scientist and took me to Sunday 
school which I loved; by the time I returned home after six months 
I was praying every night which my two elder brothers found 
ridiculous and broke me of the habit; used to have debates with 
them on the existence of God 
 
4:09:15 Father trained as a land surveyor and had an 
engineering/mathematical leaning; he taught me Pythagoras’s 
theorem and how make maps; he interested me in the ancient 
Greeks as he was a keen student of philosophy; he was imprisoned 
in 1961`and while in prison he studied philosophy and took a 
degree by correspondence; most interested in the pre-Socratic 
philosophers, people who had suddenly seen the world with fresh 
eyes and had a perspective uncluttered by mythology; he was a 
strong influence on me; his passion for politics and freedom was 
inspiring; mother was the carer, left to look after three boys on her 
own when my father went to prison; very difficult because she was 
also a political activist and under constant harassment from the 
authorities; under house arrest some of the time; her own family 
effectively disowned her because she had married my father; tried 
to encourage her to leave him; she is a brave person and when my 
father finally got out of prison she helped him to escape across the 
border; she then got permission to leave with us on condition that 
we never returned and took us to Kenya where we met up with our 
father again; she was the backbone of the family and continued to 
play that role throughout our childhood; father always busy with a 
hundred schemes and ideas 
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8:36:17 First went to school in South Africa; I was very precocious 
and naughty, talked the whole time in class; moved up a year as I 
got quickly bored with what we were being taught; from the age of 
three attracted by physics - pouring, measuring and weighing things, 
loved geometry, fascinated with nature, collected insects, even hail 
in buckets to experiment with; moved to Kenya at seven and was in 
a school for six months in Nairobi; don't remember much about it 
but my father was in the ministry which made maps and remember 
seeing how they converted aerial photographs into topographical 
maps and I found that fascinating; in Tanzania I went to an 
ordinary Government school but had an exceptional teacher; she 
was a Scottish volunteer who had an identical twin sister who also 
taught, so did their mother; they all lived together in the school; she 
was my maths and science teacher, Margaret Carnie, and I am still 
in touch with her; she now lives in Edinburgh and is in her eighties, 
an absolutely exceptional person; as a teacher she taught me that I 
could do whatever I wanted; she gave me books, sent me outside to 
make a map of the school; I taught myself trigonometry, made 
measurements and scale drawings of the school; then she gave me 
books about physics; I learnt Archimedes principle, pulleys, 
weights, forces, and we did a lot of projects; she didn't instruct me 
but pointed me in the right direction; she was so convinced that I 
could do things that she gave me an incredible start; subsequent to 
that I moved to England aged ten and went to a primary school in 
Crouch End, London; my father was selling ‘Encyclopaedia 
Britannica’ as he couldn't get another job; at school they handed 
out pages of long multiplication, division, addition, and I thought it 
was a joke; I had done that four years before; once you have learnt 
the rules of how to multiply numbers you don't need to repeat 
examples but you use it for real problems; despite the fact that we 
had moved to England to go to better schools, I found the standard 
way below what I had had in Africa; however, secondary schools in 
England were much better; went to William Ellis, a grammar 
school in Highgate with some outstanding science teachers; bit of a 
shock moving from Africa to a grey London existence; had a 
wonderful maths teacher, modest but caring; I was a year ahead of 
my age group; was concentrating on biology, still collecting beetles, 
joined the British Entomological and Natural History Society, and 
elected a committee member of the society when I was thirteen; 
the amateur collectors whom I met were almost all over sixty but 
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they were preserving the tradition of the animal collectors and 
classifiers; still believe there is more beauty in a beetle than all of 
human works of art 
 
19:16:23 Came to Cambridge to do mathematical biology, but after 
six months, having taken courses in theoretical physics it grabbed 
my attention as the most powerful, simple, effective part of science 
that we know of; you can write an equation in one line that will 
describe a million phenomena with incredible precision and there 
is nothing like that in biology; I switched over to physics as an 
undergraduate; [AM asks for an explanation of Dirac's equation] 
Dirac working like everyone else on the basis of knowledge that 
had previously been discovered; he knew about relativity, about 
Schrödinger and Schrödinger's equation; he knew these things were 
correct because they had already proven themselves; Dirac wanted 
an equation which satisfied both relativity and quantum theory as 
described by Schrödinger; he thus had a mathematical puzzle and 
there is only one equation that satisfies the terms; he was the lucky 
guy to be in the right place at the right time with the right 
mathematical tools; he had an extraordinary mathematical mind; 
he had very little formal training having been trained as an 
engineer; never liked mathematics for its own sake; just invented it 
as he went along; his equation now describes ninety of all the 
particles that we know of, and the remaining thirty are described by 
Maxwell and successor theories 
 
22:57:10 Coming to Cambridge found the course completely 
unsystematic; the first lecture course we took was called modern 
physics and we were lectured by Tony Hewish; it involved hand-
waving (Hewish), quantum theory, radio astronomy, a little bit of 
relativity, a little bit about data and how you make sense of it; no 
mathematical derivation in the course was over two or three lines 
but it gave you a glimpse of a lot of exciting science and ideas which 
was deeply influential; think it was a model of its time as mostly 
when physics is taught in universities now, and certainly in the U.S., 
it is taught in a very systematic way where it takes you at least two 
years before you get to anything modern, which I think is a big 
mistake because you want to grab people as early as possible; once 
they are motivated they will learn much faster; thus without that 
course I might not have gone into physics at all 
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24:49:11 Although I had done very well at Cambridge I was tired 
of it; there were things about it that I didn't like; it is an elitist 
institution although I'm not against intellectual elitism in the best 
sense, but a lot of the elitism here ends up with having formal 
dinners where students from middle or lower-middle class 
backgrounds end up wanting to pretend they are almost aristocrats; 
becomes almost farcical; [later] was at Downing College, a science 
college, which I liked, but didn't like to see the students getting 
increasingly interested in putting on airs and graces, which I didn't 
fit in with; decided not to stay here to do Part 3 mathematics and 
went to Imperial College and took their masters in theoretical 
physics and then a PhD; difficult as life in London is nowhere near 
as nice for a student as Cambridge; quite a lonely time; tiny student 
digs; all the students go home in the evening so no real college life, 
plus working on a PhD which in theoretical physics mostly consists 
in banging your head against the wall and you have no idea whether 
you have any talent or whether the problem you a working on 
makes any sense; I spent two years like that without a clear idea of 
what I was doing; I worked extremely hard in my first year on a 
problem I then realized was not an interesting problem; you learn 
through this but it is not an easy route; I would advise anybody who 
is learning theoretical physics to be very careful that you are really 
willing to put up with some very hard times; it is not a subject 
where you get a quick reward 
 
28:37:00 Father worked for the Open University and was very 
committed to his work; I used to see them regularly; they lived in 
Watford; while I was in Cambridge they moved to Zambia so were 
not around for long periods; when a graduate student I was lucky 
enough to find a mistake in a paper by a very famous scientist who 
later won the Nobel Prize, Frank Wilczek; he came to England for 
a conference and I saw him and he graciously accepted and 
withdrew the paper; I wrote a paper with my advisor on that 
problem and then I got a post-doc. at the  Institute of Theoretical 
Physics in Santa Barbara which is probably the leading such 
institute in the world; fantastic place; interdisciplinary; think they 
had three permanent faculty when I was there and about twenty-
five post-docs. so we didn't interact with faculty very much; they 
had set the tone and the quality but it was left to us to find other 
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post-docs. to work with; as a result I worked in many different 
fields and looked around to find a niche for myself; there are very 
few places like that today and even that institute now has a faculty 
of 10-12 and far fewer post-docs; it was a new institute with a 
freewheeling atmosphere; every single one of the post-docs. that I 
was with now has an excellent position in theoretical physics yet 
there was not planned mentoring or supervision 
 
32:02:10 I lost contact with the teacher (Margaret C) in Tanzania 
and then I came to Cambridge in 1997, and a couple of years after 
I did some work with Stephen Hawking and I was on a TV 
documentary programme which she saw; she wrote me a letter; 
delighted; went to see her in Edinburgh and she was the same 
person she always was; have stayed in touch with her since; when I 
saw her I started to tell her what I worked on; she stopped me and 
said this was not what interested her; she wanted to know what 
banged in the big bang; a good question that coincidentally I was 
working on and have subsequently given as a title to talks and 
attributed it to her; indeed it is the most important question 
 
34:59:16 [TK Having read 'The Endless Universe' explain what the 
cyclic model of the universe is all about] The original motivation 
for the cyclic hypothesis came from string theory and a 
development of it called M-theory; these are our best current 
attempts to unify all the laws of physics into a single mathematical 
framework which is consistent both mathematically, logically and 
also consistent with everything we know about the world; lot of 
progress has been made and it does seem to be a single 
mathematical framework in which all the laws of physics fit - 
Einstein's theory of gravity, Maxwell's theory of electro-magnetism, 
Dirac's theory of particles; all these fit together in a single 
framework now called M-theory; other people had developed this 
but to me the application of M-theory and the true test of it would 
be to see whether it would describe cosmology, could it describe 
the universe; the origin of the cyclic picture goes back to a 
workshop in 1999 where we invited the leading researchers 
working on M-theory and leading cosmologists just to see whether 
anything interesting came out; this was at the Isaac Newton Institute 
in Cambridge; we had several lectures and during one Paul 
Steinhardt, my long-time collaborator from Princeton, and I both 
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had the same idea that within M-theory there are these objects 
called branes (shorthand for membranes) but you can have a one-
dimensional brane which is a string, a two-dimensional brane which 
is the membrane or surface, a three-dimensional brane which is 
space, or four-dimensional branes and up to ten-dimensional 
branes which can exist; the world, if we want to picture it in that 
way, consists of a ten-dimensional brane with other branes of lower 
dimension imbedded inside it; the intriguing thing is that you can't 
do this in an arbitrary way; once you have decided you want a 
theory of ten-dimensions you have to have all the other branes of 
different dimensions within it, and the rules whereby they interact 
are unique so there is no adjustment possible in the theory, which 
makes it attractive 
 
38:33:12 Up until our workshop nobody had seriously tried to 
apply this to cosmology; at our workshop we were fascinated with 
the particular picture that had emerged, that the way to get from 
ten-dimensional M-theory to the real world was to get rid of seven 
of the dimensions by curling six of them up in a little ball so at 
every point of this room you should imagine that with a really 
powerful microscope I could look very closely at each point of 
space and would actually see an extra little ball of six-dimensions; 
so every point of three-dimensions would have six curled up; even 
though it at first sounds shocking it is a very beautiful idea when 
you look at it more closely; most intriguing to us was that there was 
a seventh-dimension which was even more bizarre; the seventh-
dimension is a gap between two objects which are three-
dimensional branes; so you have a picture of the world with the 
three-dimensional brane we live in, and the particles  we are made 
of travel around in this brane; light travels in this brane, but just 
next door to it there is another brane; these two branes are called 
'end of the world' branes meaning that they are the end of the 
seventh-dimension and there is nothing beyond them, they are 
almost like mirrors; the world is a sandwich with nothing outside it 
with the seventh-dimension of space in between the two three-
dimensional branes we live in; at every point of those three-
dimensional branes there are another six-dimensions curled up; 
our thought was what happens when these two three-dimensional 
branes collide? Must be a pretty violent event as the whole 
dimension disappears for a moment; on the other hand the three-
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dimensional brane we live on does not shrink to a point when they 
collide, they simply move together; therefore it can't be like the big 
bang because as we knew that was an event where all of space was 
at a point; we could see immediately that here was another 
possibility for a bang which is that the space we live in did not 
shrink to a point, all that happened was a collision between another 
world and ours 
 
41:51:12 Subsequently we worked through the mathematics of this 
and discovered that this event of the brane collisions indeed 
appears, if you try to describe the set up using Einstein's theory of 
gravity, just like the big bang; in Einstein's theory there is not a 
complete description of these branes colliding and when you add 
that element in you find that indeed space does not shrink to a 
point at the back, space is extended; now you have the possibility of 
a physical mechanism which caused the big bang which is 
describable; if the whole universe came out of a point that would 
not be mathematically describable; we do not know how to 
describe the structure of a single point; what we use in physics are 
differential equations with different points, and can't write such an 
equation with one point; if you had a picture of the big bang that 
was an extended bang across space, now you have the possibility of 
describing a physical mechanism that caused the bang; that is where 
the cyclic picture emerged in trying to understand how to describe 
the big bang's singularity; what we realized was that it could be the 
collision between two of these branes and that meant there was 
time before the big bang; but if these branes can collide once then 
they can collide again; quite quickly after we had invented the initial 
model called the ekpyrotic model (ekpyrotic means out of fire 
taken from the Ancient Greeks picture that the universe began in a 
conflagration); when we realize it could happen many times and 
indefinitely we called it the cyclic model 
 
44:23:10 [TK: You say three-dimensions expand constantly and 
the only thing that shrinks is that spring-like force between the 
branes in the fourth-dimension] Exactly, it is essentially like a 
pump [TK: this gap is really small - 10 to -30 metres - is it possible 
to imagine where it is?] It is everywhere so every point of our three 
dimensional world is just 10 to -30 metres away from a 
corresponding point in the neighbouring world which is, if you like, 
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the mirror world, sitting at the other end of the seventh-dimension; 
we are only just separated from it by an absolutely immeasurably 
small distance; it is interesting to ask whether there are any other 
manifestations of this extra dimension; in fact the origin of the 
seventh-dimension was that in our world there is a peculiar 
asymmetry in nature - left-handed objects are not the same as right-
handed; when you have neutrinos (certain kinds of elementary 
particles) they only come left-handed; anti-neutrinos are right-
handed; it has always been a puzzle why nature is asymmetrical; the 
reason why this two brane picture was invented is precisely so that 
the left-handed guys can be on our brane and the right-handed on 
the other brane, then mathematically it all works out 
 
47:08:07 [TK: You said that atoms and light exist in one brane] In 
the other brane there is other stuff [TK: The force of gravity 
connects them?] Exactly [TK: What does that look like? You 
mention the dark matter might be the gravity of the other brane] 
The dark matter might be the matter on the other brane and the 
matter on the two branes interacts only through gravity; the way we 
understand gravity is that it is the curving of space, which is what 
Einstein understood; the sun bends space and that's what keeps the 
planets going around in circles around it; in this M-theory picture 
its really what I call Einstein++ because it says there are not merely 
three dimensions but ten; then there are all these other objects of 
different dimension but each of them behaves exactly in the 
manner that Einstein envisaged; you have the two branes and 
matter in one deforms the space in between the branes and that is 
how gravity is transmitted across the gap to the other; that is how 
the dark matter influences us; this is a neat picture as it does 
predict dark matter which is visible only through gravity; that is 
what we see when observing a galaxy; light only moves on our 
brane; the unfortunate thing about this picture if true is that it is 
really hard to test; since our only way of interacting with the dark 
matter is through gravity we can't make dark matter in a laboratory; 
it is way beyond the energies we can get in current laboratories; its 
an unpleasant situation that you have a marvellous theory but you 
don't yet know how to test it; I believe that it is all the more reason 
that we should focus on the big bang because we know it happened 
and can measure the outcome in many ways, and can use that to 
check whether this theory is right 
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50:14:24 [TK: How can you check? You mention gravitational 
waves in your book..] Yes, there is surprisingly a remarkably direct 
way of checking this picture that the big bang was a brane collision 
with gravitational waves; these are ripples in space which travel at 
the speed of light; we have never detected them directly because 
they interact very weakly with matter; even though we believe the 
universe is full of them we have not been able to measure them yet; 
they will be measured within the next ten years; when they are this 
will be a new window on the universe because we will see black 
holes colliding and all kinds of violent phenomena which emit 
gravitational waves; because these interact so weakly with matter it 
is a wonderful thing from the point of view of seeing the big bang 
because it is just like the universe is transparent to gravitational 
waves; so when we look out at the sky now we see the microwave 
radiation from the big bang and that shows us the universe as it was 
13.7 billion years ago at about 300,000 years after the big bang 
because only then had the universe become transparent to light; 
before that time it was very dense and hot which is opaque to light; 
using light we can never look back earlier but gravitational waves 
take us right back to the bang itself; the waves emitted at the bang 
would just travel straight through the plasma without any 
interference and straight into our detectors; there are experiments 
being planned - LISA a set of three satellites which will be put in 
space in 2013 or so and they will be looking for gravitational waves 
coming out of the early universe; the way in which you check this 
theory of the brane collisions is first of all by a negative check; the 
standard picture of the big bang just accepts that the universe 
emerged from a point without any explanation; what state would it 
have had to be in order to end up like it is today? The answer to 
that question is initially very puzzling as here is a tiny universe 
springing into existence and how did it get so big and smooth and 
uniform in all directions as we see it today? That was just seen as a 
paradox for a long time; puzzles led to a standard picture in 
cosmology according to which you simply assume a universe 
jumped into existence, and you assume it was full of inflationary 
energy which has the property of making space expand 
exponentially; you can add this energy into Einstein's theory of 
gravity and it is a repulsive form of energy which blows the universe 
up and makes it very smooth and uniform; but it is never really 
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explained why the universe started out in this way; to come to 
gravitational waves, this epoch of inflation has a very dramatic side 
effect; when you make the universe blow up exponentially it is such 
a violent process that you generate lots of waves, the ripples in 
space time which are just there present in the vacuum, even in 
empty  space; when you start to blow up exponentially this 
enormous blow up spews out gravitational waves which we should 
be able to measure; the cyclic model is much gentler; you have 
these two objects which drift together over periods of billions or 
even trillions of years before they collide; when they do so all of 
space is not at a point, it is all spread out; when they collide they 
simply fill all space with radiation and then it subsequently 
expands; you do not get the gravitational waves that you would with 
inflation; if these gravitational waves are seen they will instantly 
disprove our model so it is testable; even though direct gravitational 
waves will not be detectable until after 2013, next year something 
called the Planck satellite will fly and that will have the means of 
detecting gravitational waves indirectly though their effect on micro-
radiation coming from the early universe; Stephen Hawking bet me 
when we first came up with our model that gravitational waves will 
be detected by the Planck and our model will be proved wrong; I 
accepted the bet which he has not yet set; he plans to go into space 
three or four years from now on Virgin Galactic; I have suggested 
that, if I am right, I go into space, but he did not accept; it could be 
that next year our model may be dead; I have worked on theories 
before that have been proven wrong; I think it is good science and 
one should be humble in the face of the universe; the best we can 
do is make the best, most consistent models that we can, and then 
we have to test them ruthlessly in order to prove them wrong; that 
is progress as it rules out that avenue 
 
Second part 
 
0:09:07 [TK: What is dark matter and what role does it play in the 
cyclic model?] Dark energy is nothing but the tension of these 
branes; when Einstein first developed the theory of general 
relativity he realized that space could have tension and he called it 
the cosmological constant; reason it was cosmological is that the 
tension has a very peculiar effect when combined with gravity; 
normally used to thinking of the tension as causing something to 
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shrink but if you put the tension into Einstein's equations it does 
the opposite and causes the world to expand; Einstein used this to 
make a static universe model; he assumed the world was a three-
dimensional sphere and then the gravity of ordinary matter would 
make it tend to collapse, and balanced tension and gravity against 
each other to make a static universe; unfortunately it was unstable 
and his model didn't make much sense so he abandoned it; ten 
years later it was found that the universe is expanding and he 
should have predicted that; though he abandoned the cosmological 
constant we always knew it could be there and the surprise has 
always been why it is not bigger than it is, why is the tension of 
space not huge; even if you have space with no tension and start 
adding particles and fields to the universe each one of those 
particles contributes something to the tension; to end up with very 
small tension is really difficult; in the late 1990's quite strong 
evidence emerged that the tension is not zero but actually positive 
and that we call the dark energy; so it appears that apparently 
empty space is actually full of energy and energy associated with the 
tension of three-dimensional space; the surprise is why is it so tiny 
at 10 to the power -120; though ridiculously tiny nevertheless it 
matters in the universe today otherwise we would not have seen it; 
very important for the future of the universe as it causes it to 
expand faster; we are currently 13.7 billion years old and  at 
another 13.7 billion years in the future this stuff will have really 
taken hold and begun to dilute away the galaxies exponentially; 
further billions of years on almost all the galaxies we know now will 
have disappeared from view and we will be alone in an empty 
universe surrounded perhaps by our nearest neighbour galaxies but 
nothing else; people in the future will be very puzzled by the 
apparently empty universe; they won't see the radiation left over 
from the big bang because it will have been diluted away; faced with 
a universe which started from a big bang which ended up 
dominated by dark energy we thought we would try to see things 
from a different point of view and that is how the cyclic model 
arose; we had this picture that the bang could be a collision 
between branes, that the branes would separate and possibly they 
would collide again; with regard to dark energy we discovered that 
when the branes separate if they do have some dark energy that 
causes them to expand and become very flat and parallel with each 
other; the dark energy can actually decay and can be the force that 
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brings the branes together to produce another big bang; the dark 
energy makes the universe empty, smooth, vacuous and ready for 
another big bang which will produce another universe which is very 
big and smooth and will be emptied out again by the dark energy; 
so the dark energy is like a stabilizer; without it the branes would 
collide and the wrinkles and deformations they had acquired in 
one cycle of evolution would be magnified the next time and the 
whole universe would become more contorted and violent; without 
dark energy our model does not work whereas in the conventional 
picture of cosmology it is not necessary; on the puzzle of why is it 
so small? People working in the conventional framework have 
given up saying we can never explain why, at the big bang, whatever 
produced the bang somehow made the choice to fill the universe 
with radiation, matter, huge densities and energies and then add in 
10 to the -120 of dark energy; instead they resort to the anthropic 
principle which says that maybe all kinds of universes emerge but 
we are not there in most of them so that if the dark energy was 
much greater in magnitude then it would have killed us; an 
appealing argument in some ways but does not have any predictive 
power; in our case if you have a picture of a very old universe, 
much older than 13.7 billion years, in previous epochs the dark 
energy played a huge and even controlling influence, then you have 
a huge amount of time for this dark energy to relax and its values 
can change; in theories like M-theory everything can change and all 
the laws of physics are dynamic; maybe what has happened is that 
dark energy has settled down to a value which is just right to keep 
the universe cycling in a stable fashion; given that the universe is 
able to have long cycles its entirely conceivable that dark energy has 
settled; we have published some papers on this idea and it is a 
radical alternative to the standard view; what we have shown is that 
technically we can construct mechanisms to make a model which 
will self-adjust the cosmological constant to the small values like the 
ones we see today; its only a model and not clearly true but the 
dark energy has made us really rethink our concept of cosmology 
and the big bang whereas people had seen it as a one-off 
intervention 
 
12:20:09 [TK: You also write that no form of energy in the past 
ever goes out of existence and when cosmologists study dark 
energy today they are also studying the same type of energy that 
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dominated in the distant past and will dominate in the far future. 
Could there be any information stored in the dark energy about the 
past and the future?] Yes, definitely; in the cyclic model as the 
universe passes through one of these violent events it happens that 
any signals or radio waves left over from the previous cycle are 
preserved; you will need very sensitive detectors to read it but its 
there in principle; it is an exciting thought that we could possibly 
communicate our discoveries about science to future generations in 
future cycles; what actually happens near one of these events is that 
all the particles we are made of lose their mass as the branes collide 
and move at the speed of light ; it would be a very unfamiliar world 
where we would be blown apart in a burst of radiation and 
immediately after be reconstituted into material objects 
 
14:34:08 [TK: Is the big crunch just another name for the big 
bang?] 
Yes. [TK: Maybe something more about extra dimensions] 
According to our current understanding of the laws of fundamental 
physics and unified theories, the laws of physics we see are largely 
determined by the size and shape of the extra dimensions; so at 
every point in this room there are another six-dimensions of space 
curled up in a rather complicated little ball which we can study 
mathematically; the detailed configurations of the extra dimensions 
actually fixes the physical laws we see - electro-magnetism, the 
strong force, the weak force, the different spectrum of particles; at 
one level we have not solved these problems in physics but 
converted it to another problem which is - Why are the extra 
dimensions the way they are? But that is progress as you have taken 
an apparently insoluble problem and converted it into another 
which may or may not be solvable; from my point of view what 
makes it interesting is that we have learnt from this framework that 
not only do the laws of physics govern the universe but the universe 
governs the laws; if we understand cosmology then we understand 
the laws of physics; this structure was determined at the big bang so 
when the bang happens you should not only study the gap between 
the branes which causes them to collide, but the other six-
dimensions are doing something in this process at the same time 
and it better be mathematically consistent; maybe in involves 
changes in their configuration and once we have understood the 
whole process in the big bang maybe we will understand why the 
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whole universe emerged; then you will have understood all of 
physics; the one question will be what banged 
 
18:01:24 [TK: Do you think the universe is a cosmos that can be 
explained rather than a chaos that cannot?] I don't know if there 
are limits to knowledge; some people in the last years have become 
rather pessimistic and have resorted to the anthropic principle and 
similar arguments to say that this is the end of the road for physics; 
I know that if we take this attitude we will get nowhere [TK: But 
you say that this is the best time to be a cosmologist, why?] Because 
the last ten years have seen unimaginable amounts of data collected 
from the universe; I was a cosmologist in 1992, before the Kobe 
satellite mapped the universe for the first time, when I was 
seriously considering giving up because most of the discussion was 
based on prejudice as there was no good data; 1992 suddenly gave 
us a clean picture of the big bang and for last ten years we have had 
a stream of high quality data and we now have the prospect of 
measurements of gravitational waves looking right back to the bang; 
it is an unique period in human history; not only are we speculating 
on the origin of the world but we have the data to test these 
theories; I think to be pessimistic now is really ridiculous 
 
20:41:15 [TK: Are there any ethical problems connected with the 
cyclic model?] I shall give you an example of an ethical problem 
which is that according to the cyclic model the basic motivation is 
to try to understand what happened at the bang and to make 
mathematical models; our first statement is that it is interesting to 
try to make a consistent mathematical model of the big bang itself; 
some people don't want to even consider this saying it is beyond 
science, religious territory; it is an ethical statement in my view to 
say a subject like this is legitimate science; not only can we do 
mathematics but experimental test observations, and we should; I 
think it leads to a better appreciation of the universe; even if you 
have got a model that is wrong you are trying to understand the 
universe; some people are arguing even within physics that we have 
reached the end of the road and that there are some problems too 
hard for us to understand; I think it is our ethical responsibility to 
keep going and to encourage young people who may have better 
ideas than we do; for me it is a very deep belief that even if science 
is going to be much more difficult from now on it is something that 
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we have to do and our children will never forgive us for giving up; 
what we have learnt from physics is that nature is remarkably 
simple once you see through all the details and it is one of the 
treasures of humanity that we have this picture; interest in pure 
science and honest thinking about the universe is an activity which 
is common to all of humanity, should be cultivated and worked on, 
and if the next leap takes 10,000 years, fine, we will wait 
 
26:12:10 [TK: If the cyclic model proves to be right would it be 
possible to abuse that knowledge in some way?] Very likely, all 
knowledge can be abused and it is up to people to use it wisely; I 
don't think there are any intrinsic ethics in science but they have to 
be added; having said that, I am not worried by any applications at 
the moment as its very far in the future that people may be able to 
manipulate these energies; at the moment laboratory energies we 
can reach are about 10 to the power of 15 times too small to probe 
any of the physics of the bang itself; I think probably our 
descendants will figure out how to do it one day but I'm not too 
worried about it 
 
27:59:14 Probably the single greatest breakthrough of the last ten 
years has been the realization that gravity is describable in a way 
without using gravity; gravity is the curving of space according to 
Einstein, but in the late 1990's a young Argentinean physicist called 
Juan Maldacena made an exciting conjecture for which now there 
is a huge amount of evidence; the conjecture was that in certain 
situations you can take a chunk of space which is dynamical but 
bounded and that you could describe everything that happened in 
the interior purely by what was on the  boundary; called a 
holographic principle and has been used to explain black holes, for 
example; in the last few months we have been using this to 
understand cosmology so what we do it to map a dynamical 
universe called a bulk onto a boundary and we follow the system as 
it goes towards a big bang, a singularity; what we have shown is that 
on the boundary you can describe how the system goes through; 
essentially you take the bulk which has gravity in it, map it onto the 
rigid boundary, follow it until it hits a singularity, follow it through 
the singularity, come out on the other side and map it back into the 
bulk where it is again described by gravity; we have constructed the 
first complete model of passage through a singularity and it appears 
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that not only can the world go though a singularity and survive but 
also in the process of heading towards the singularity it turns out 
that the variations in the density of the stuff on the boundary are 
created; these variations in density are of exactly the form we need 
to explain variations in density in the real universe called scale 
invariance; scale invariance is also a reflection of an underlying 
symmetry; what happened is that Maldacena's picture whereby 
gravity maps the matter on the boundary, that picture is 
automatically scale-invariant; we have written a couple of papers 
about this though there are many aspects still to be completed; if 
this picture turns out to be correct it will easily be the most elegant 
explanation of the origin of the density variations as it really all 
comes from symmetry principles 
 
33:58:02 Martin Rees and Stephen Hawking are polar opposites; 
Martin's great strength is keeping abreast of the latest observational 
discoveries and facts about the universe and trying to piece them 
together in a coherent picture; think his contributions to cosmology 
have been on the phenomenological side; Stephen's contributions 
have been the opposite, in fundamental theory; from his point of 
view mathematical consistency and elegance is primary; its in the 
tradition of Einstein who wasn't too worried about data; Stephen's 
work has always tried to employ the most advanced mathematical 
techniques to address theoretical puzzles and problems so he 
would be much more interested in a fundamental theoretical 
paradox than he would in the very latest observations, although he 
has huge respect for them and should they become definitive he 
might even believe them; there is also a cultural difference between 
astro-physicists and theoretical physicists and the former are often 
quick to jump on a new measurement, star or galaxy, whereas the 
latter take a longer-term view; neither necessarily right and Martin 
and Stephen represent those two cultures 
 
37:25:12 Cambridge has been fantastic for me mainly for two 
reasons, one was the amazing collegiate atmosphere; I was working 
in Princeton before I came here, an excellent department, possibly 
the best physics department in the world, but much more 
aggressive and self-promoting; what is so enjoyable here is that 
colleagues are very willing to spend time to discuss, share ideas or 
knowledge, without any agenda; the second thing that is great about 
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Cambridge is the flexibility of the institution, that providing you 
fulfil a certain number of basic duties which are pretty modest 
compared with other universities, you can do what you want; 
coming to Cambridge I had the freedom to set up an institute in 
Cape Town, to raise money for it and bring in all sorts of allies and 
partners; I don't believe there is any other university in the world 
where I would have had that freedom; Cambridge provides an 
open space which is not too controlled which is very valuable; I was 
at Downing College for three years when I returned but have 
resigned; I think the college concept is in severe need of renewal 
and is no longer a community of scholars; too established, less 
ambitious and too many dinners 
 
40:59:14 When my daughter was five I wanted to take her to Cape 
Town to spend some time with her grandparents; Herbert Huppert 
as chairman of the faculty board allowed me to take a sabbatical 
there to talk about possible collaboration with the University of 
Cape Town; my daughter went to school there and I was working 
on the ekpyrotic universe in peace; went to the university in order 
to fulfil the requirement to establish a link with Cambridge and 
asked what I could do; they said they needed maths as South Africa 
and had a strategic problem as they didn't have enough students 
coming through with high-level maths skills; idea emerged to set up 
a centre in South Africa for good maths students from throughout 
Africa and bring the best international lecturers in the world and 
create some mathematical stars; told my father and next day there 
was a rugby match on TV and I said I would come to his house to 
see it with him which he agreed to, with the proviso that I spend an 
hour in his office and produce a page on the proposed African 
Institute of Mathematical Sciences; next thing I knew was that he 
had faxed it to all the people he knew in higher education in South 
Africa and then I had to do it; when I came back to Cambridge he 
called me with news of a fantastic building for sale in Muizenberg, 
an 80 room hotel near the beach and told me to buy it; we did buy 
it for £65,000 using an inheritance that my brothers and I had; I 
brought the three deans of science from the local universities to the 
hotel and told them that this was where we were going to set up the 
best maths institute in Africa; one of the deans got very excited and 
he is now the director of the institute; we converted the hotel and 
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through a lot of work and good luck it has become the most 
amazing institute 
 
46:49:00 [TK: How is it doing now?] AIMS is in its fifth year and 
we've graduated about 160 students so far; they come from 
everywhere in Africa and currently there are 53 students from 
twenty countries, including 20 women; we designed it to be 
innovative with programme geared towards problem solving and 
encouraging people to think for themselves; the students have been 
incredibly successful and last year we had about 48 graduates of 
which 45 are now on masters and PhD programmes in top 
institutions, one is a lecturer, one is doing and MBA and another is 
working in an IT company; these students are the most highly 
motivated I have ever come across and given nine months at AIMS 
which they use to the maximum, they work 16 hours a day, learn 
computing and modelling, learn how to write and give 
presentations; through necessity we stumbled on a model of 
education which is extremely effective, getting people from many 
different backgrounds but all intelligent; the best teachers in the 
world are all willing to come to teach the best students in Africa; 
they all live in this hotel so it is a 24 hour learning environment 
with impromptu discussions and tutorial at any time so a terrifically 
intense atmosphere; after nine months these students are ready to 
go into any field of science; in an old institution like Cambridge it 
develops layers of bureaucracy, rules and curricula which are 
almost fixed in stone, whereas a new institution can jump to the 
cutting edge; at AIMS there is almost total freedom to create able 
people who can go into any technical field and contribute to it; 
doing it in Africa means that you get students with very high 
motivation levels as this is the chance of a lifetime for them; you 
might have thought Africa was the last place to develop a model for 
post-graduate education, in fact it has been the best place to do it; 
experience of a student from the Congo; my conception of AIMS 
went from it being a necessary step in solving a strategic problem, 
the lack of highly skilled people in Africa, more towards the 
conception that this will benefit science in the long run; believe that 
these people from different cultures bring a new energy and 
freshness into science, and very likely some new ways of looking at 
things; this year we have five students from AIMS in the maths 
department [in Cambridge] and previously you would almost never 
 42  
see a black African there, and the ones you saw were very isolated 
and felt second-rate; these students are having a fantastic time and I 
am hopeful that one of them will come at or near the top in the 
financial maths course here, a very brilliant student; it is now our 
culture at AIMS that we are going to prove something to the world 
that black Africans are every bit as good as whites at science; 
ridiculous statement by Jim Watson after which his genome was 
sequenced and found to be 16% black African used to encourage 
students; our dream is that the next Einstein will be an African 
 
55:51:16 [TK: Winning the TAD prize means winning $100,000 
but more importantly you are granted a wish. Can you tell us what 
your wish will be?] The wish has two parts and the first is that the 
next Einstein will be an African and that may sound surprising, but 
Einstein was a Jew and Jews didn't get into science until c1880 and 
were actually prohibited from going into universities in many 
countries in Europe; some Jews went into medicine but very few 
went into hard science; once they got into it they flourished so that 
over a quarter of Nobel prizes in physics were won by Jews and a 
quarter of Fields medallists similarly; I do not believe that this is 
something innate to Jews though some element of Jewish culture 
may be helpful - great respect for the written word, for study - but 
more importantly, they were out to prove something; the Jews were 
suppressed and persecuted but when they got half a chance they 
wanted to prove something about themselves; look at Africa, 
culturally one of the richest continents - music, art, design -  and 
ingenious mechanics; there are geniuses all over Africa; anecdote 
from when teaching in Lesotho; second part of the dream is a plan 
which is to replicate AIMS all over Africa; looking for major 
donors - Bob Geldof may do so - and at TED this is what I will be 
asking for; looking for three donors to give $50,000,000 each to set 
up an endowment fund for student scholarships; we have the 
support of the African Union who have commissioned us to 
prepare this plan; we have sites in Nigeria, Ghana, Uganda, Sudan, 
Madagascar which we have visited and have business plans; when it 
is done we will have a network of AIMS and will be producing 50 
graduates a year from fifteen centres in five years; we think these 
graduates could have a major impact in African development. 
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Adapted from: Wikipedia – on 17.8.2014 
 
 
Antony Hewish FRS (born Fowey, Cornwall, 11 May 1924) is a 
British radio astronomer who won the Nobel Prize for Physics in 
1974 (together with fellow radio-astronomer Martin Ryle) for his 
work on the development of radio aperture synthesis and its role in 
the discovery of pulsars. He was also awarded the Eddington 
Medal of the Royal Astronomical Society in 1969. 
 
One of his graduate students, Jocelyn Bell, discovered the radio 
source, which was ultimately recognised as the first pulsar. The 
paper announcing the discovery had five authors, Hewish's name 
being listed first, Bell's second. Hewish and Martin Ryle were 
awarded the Nobel Prize in Physics in 1974. The Nobel award to 
Ryle and Hewish without the inclusion of Bell as a co-recipient was 
controversial.  
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INTERVIEW SUMMARY 
 
Iinterviewed by Alan Macfarlane 26th March 2008 
 
0:09:07 Born in Fowey, Cornwall, in 1924 where my father was a 
banker; left within a year of my birth for Newquay where I was 
brought up; before the war it was a nice, unspoilt, holiday town; I 
went away to school in Taunton but came back for holidays where 
I spent time crabbing and enjoying the sea; I was interested in 
physical things and with tolerant parents we were able to do minor 
experiments at home; we used to pull the mains leads out of the 
wall and get connected up; I am the youngest of three brothers, and 
the middle brother, John, was rather technically minded and 
interested in building model aircraft and things of that sort; jointly 
we did all sorts of crazy things like making explosives and I 
particularly tried electrolysis using the mains, which didn't help 
because it would plunge the bank, which we lived above, into 
darkness; mucking about in a scientific way was where I got my 
interest; the sea was in the background for swimming and fishing; 
father was not an intellectual; his parents were drapers in 
Barnstable, Devon; he was not technically minded and never knew 
how things worked; we were just born with this natural curiosity; I 
was always wanting to know how things worked and would take 
them to pieces; in those days you could buy everything you needed 
for experiments such as the ingredients for gunpowder; mother was 
a farmer's daughter from Cornwall; she did not much like the sea 
but did like the countryside; she was not academic in any way 
though one of her sister's was 
 
6:10:04 First went to school in Newquay but then went to King's 
College, Taunton, a smallish public school when I was about 
twelve; I went into the preparatory school first then the main 
school, in all there about seven years; my physics master, Padfield, 
was a Caius man which is why I went there when I came up to 
Cambridge; he was not a great physicist and was probably better at 
hockey than physics; I can't say that I got great inspiration from my 
schoolmasters; I think my interest was self-generated; schools were 
much more tolerant then and you could just wander into the 
chemistry lab. and play around with things; could make nitrogen 
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triiodide which almost ignites by looking at it; my brother John was 
at the school; older brother, Paul, was six years older and he went 
into banking; moderately enjoyed school but I was not really 
athletic or sporty; had to play rugger most afternoons which I 
tolerated; the pinnacle of my school career was getting house 
colours for cricket; my interest in music came later in life, with my 
marriage; did not sing at school as had chapel twice a day and that 
was enough for me; did play in the bugle band for the O.T.C. as it 
saved you from too much square-bashing; my wife plays the piano 
and encouraged me to go to concerts; I simply love chamber music 
and opera now 
 
11:50:08 I am rather down to earth; I had not great aspirations to 
solve the riddle of the universe just that when I came back after the 
war I had some electronic technology that I understood and 
discovered it was going on in Cambridge and began research there 
because it was the obvious option for me; had not planned to be an 
academic and no one predicted that I would get a first in my Part 
II; there was a desperate shortage of trained scientists during the 
war that you could get to Cambridge very easily and they would 
fund you; I came up to the University in 1942 as a radio bursar as 
they wanted scientists in radio and radar; it was a two year 
accelerated course for Part II of the Natural Sciences Tripos; 
because of my background in rowing at Newquay I spent too much 
of my time on the river in my first year and didn't do very well; told 
I should go and do something useful for the war effort and directed 
to the Royal Aircraft Establishment, Farnborough, after just one 
year; spent three years there until just after the war ended, for 
which I was immensely grateful as I began to understand what 
physics and some aspects of maths were really about in a way that I 
hadn't realized when I was an undergraduate; I recommend that 
people go to university rather late in life; at eighteen I wasn't very 
well versed in how the world works; boarding schools kept you 
enclosed and we weren't even allowed to go into Taunton 
 
15:12:14 At Farnborough initially worked on radio 
communications but I hadn't been there more than a few months 
before I was directed to T.R.E. (Telecommunications Research 
Establishment) which was the home of the boffins where radar was 
essentially invented during the war; all airborne radar applications 
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were going on there and I had the job of training the aircrews on 
how to use it; my job was called P.D.S. (Post Design Services); 
having worked on the development of a particular gadget and seen 
it through the production stage then you went out to the squadron 
where it was being fitted; in my case this was Bomber Command 
and I was involved with a device for jamming German airborne 
radar; what the devise did was to radiate noise at high power from 
the tail end of a B17, the American Flying Fortress, and these 
aircraft flew in the bombers' stream with the idea of blanketing the 
German interception radar on their night fighters; don't know how 
effective it was but my job was to teach the ground crews how to 
service it; it was not a design job from my point of view though I 
had to know exactly how it worked; that is where I first met Martin 
Ryle as he was head of that radar counter-measures group; he was 
two or three years older than me, an Oxford man; he was in charge 
of developing the gear at T.R.E. (Telecommunications Research 
Establishment), Malvern, so I got to know him pretty well; I had no 
idea that he had returned to Cambridge when I was looking around 
to see what research I could be involved with; discovered he was 
here and it was the obvious thing to do; you could not be in his 
company for long before realizing how immensely bright he was; 
he always thought of solutions before you did; he was a reserved 
sort of man with a short temper, but also immensely kind; I found 
him a wonderful person to work with 
 
18:35:05 After the war came back to finish my degree; it was a 
wonderful time to be in Cambridge because all the ex-service 
people were coming back so you were in the company of people 
you had been with; the post-war years were legendary, if you talk to 
tutors who are still alive now, they wanted to learn, they worked 
hard, they didn't play around; I didn't naturally find physics easy, 
mathematics just doesn't flow into my head and I have to work 
rather hard; after the war I realized what the mathematics was 
doing because this had been used in my wartime experience; I 
spent no time on the river, worked hard, and ultimately got a first; 
that again was partly due to my wartime contacts as the man who 
was running radio physics at the Cavendish Lab., Jack Ratcliffe, 
who had been a research student with Edward Appleton who had 
discovered the ionosphere; Ryle had gone to work with Ratcliffe 
after the war; Ratcliffe had been a very influential teacher and his 
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courses on electro-magnetism were legendary and when I found I 
could do research in Ratcliffe's group this was an obvious thing for 
me to do; I had not planned to be an academic and had got jobs 
lined up but when I discovered there were interesting things to do 
for which I was fairly well equipped, and I had met my girlfriend in 
Cambridge who was teaching here, so I decided to stay on; Ratcliffe 
had been head of the Post Design Services Group at T.R.E., 
Malvern, and I had interacted with him during the war; he was a big 
influence on me 
 
22:48:22 Of colleagues, Graham Smith was at T.R.E. and was a 
year ahead of me; he came back to Cambridge to do research as he 
had done a rapid two year course so he was fully qualified; he was 
working with Martin Ryle; Ryle began research in 1946, I began in 
1948, and Smith had joined in 1947; it was picking up wartime 
connections as it was in a sense a continuation of our wartime work 
together; no one knew that it was going to open a new universe to 
us, we were just playing around with the technology we understood 
and investigating these strange radio waves from the sun initially, 
because radiation from the sun was a wartime discovery; that was 
how radio astronomy began in this country; discovery made by a 
man called James Hey who was with Operational Research with 
anti-aircraft and on one day the anti-aircraft radars were swamped; 
this was in February 1942 just after the pocket battleships had 
made their dash through the channel; it was thought initially to be 
some sort of German secret weapon but he realized that it was 
coming from the sun when he found that all radars were picking up 
radiation from a certain direction; he phoned the Royal Greenwich 
Observatory to ask if there was anything funny happening with the 
sun at that moment and found that there was a sunspot right in the 
middle of the disc; that was a secret wartime discovery but Ryle 
thought this would be a good thing to research when he got back to 
Cambridge; of course radiation was coming from other directions 
too; I got in at the beginning of the investigation so was extremely 
lucky 
 
25:46:00 I was not studying astronomy for its own sake; what I had 
discovered in about the first year of my research from these few, 
what we now know, radio galaxies (we called them radio stars in 
those days), that the radiation fluctuated in time; it wasn't clear 
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whether this was an intrinsic variation of the sources themselves or 
whether it was a propagation effect, whether the radiation was being 
affected on its traverse through the upper layers of the ionosphere 
here; Graham Smith had already made measurements which 
suggested that it was an ionospheric effect and I took that up and 
confirmed that in fact the fluctuations were caused by mainly 
nocturnal disturbances in the ionosphere; it was my initial research 
that led to the discovery that this only happened at night, and that 
this was a good way of using extra-terrestrial radiation to probe the 
atmosphere at heights which were then unreachable by any other 
method; because the astronomical side hadn't really developed I 
got diverted into using extra-terrestrial radiation in studying the 
upper atmosphere; Jack Ratcliffe, who was an atmospheric scientist 
essentially, was keen that I did this and he gave me great support; 
in my thinking about this I developed a theory which pleased him a 
great deal and I latched onto this as my own particular research 
area; it is nice when you are a graduate student to have something 
you can call your own; Martin Ryle was so bright that he had 
thought of all the clever things to do, but here was something I 
could develop on my own, and that was what my thesis was all 
about; in investigating the fluctuations I was the first to measure 
wind speeds in the upper ionosphere; this was research I could 
manage on my own with not a great deal of technical requirement; 
the radio telescope technology was quite elementary but it was all 
new and you couldn't help but make new discoveries and publish 
papers, which is just what you need as a starting graduate student; 
this was before the array telescopes in Cambridge and were using 
army surplus equipment set up on the rugby ground behind the 
University Library (still called the old rifle range) which was where 
Martin Ryle began; I built my own primitive radio telescopes to do 
my own particular jobs but they were only little bits of wires strung 
between poles, the sort of thing you could build in a week or two; 
this was the sort of thing I had been doing as a child which was the 
joy of it in those days; you could make very nice discoveries with 
very simple, basic, apparatus; this was research for which we didn't 
have to fight for funding as we had enough in the Cavendish to 
support the sort of work I was doing 
 
31:58:09 From the beginning was aware of the EDSAC computer 
because Martin Ryle was famous for his invention of aperture 
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synthesis using simple radio telescopes in different positions and 
adding up the data; essentially you are Fourier analysing the sky 
and you need a computer to analyse the data; in the very early 
1950's Ryle was experimenting on using EDSAC in its earliest form 
to analyse the data from the simple interferometers he was then 
using to make simple maps of the sky; it didn't help me to start with 
but later on I got very involved with it because someone had to do 
the early programming, and that fell to me; I didn't use computers 
in my own work and we were recording with pens on paper; the 
digital world just hadn't begun; didn't know of Alan Turing or 
Bletchley Park until much later 
 
34:02:03 After my Ph.D., where I had originally worked on the 
ionosphere we then discovered that radiation passing through the 
sun's atmosphere was similarly affected; having had the background 
of working on ionospheric disturbances I then began to study 
disturbances in the solar atmosphere and my work naturally 
extended out towards the sun; it developed into studying what we 
now call the solar wind, the outward expansion of the sun's 
atmosphere which blasts out into interplanetary space at speeds of 
3-400km per second; the solar wind became known as space 
research began and before that era I was studying the solar 
atmosphere as it left the sun; the sun's atmosphere can't be seen 
optically with instruments except at total eclipse; to have a means of 
detecting anything to do with the solar atmosphere at other times 
was useful; I tracked the solar atmosphere and studied irregularities 
in it almost to halfway between the sun and the earth; that kept me 
busy for my own personal research and resulted in several 
publications; at the same time I was helping Martin Ryle in the 
design of his really big radio telescopes which made the first 
ground-breaking sky surveys in this country; it was Ryle's idea to 
spread the array far apart and went hand in hand with the 
development of computers; when you are analysing the data from 
these multiple interferometers - you can synthesise a radio 
telescope that you couldn't possibly build; Bernard Lovell was 
designing a 250 ft dish at Jodrell Bank, but Martin Ryle was a little 
bit scornful about that as not having the power that we needed; 
what you wanted was a telescope a mile across; the way he did this 
was to make smaller dishes which are easy to build and not too 
expensive and pick up the data sequentially when these are in 
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different positions; then you can synthesise all that in a computer to 
reproduce exactly what a mile wide bowl would actually do; Ryle's 
telescopes elaborated as computers elaborated; eventually the 
telescopes were on a railway track; Mullard kindly provided the 
money to move our work from the old rifle range to the new site at 
Lord's Bridge; they gave us £100,000 to set up the Mullard 
Observatory, establishing the site and the buildings; most of the 
money for the instrumentation came from the Department of 
Scientific and Industrial Research 
 
39:49:03 Scintillation is a grand title for twinkling, all stars twinkle; 
what happens is that the upper atmosphere, even on the clearest 
night, has air in it of varying wind speeds and density and there are 
clouds of different density up there; the radiation coming through 
is bent in different directions; looking through the earth's 
atmosphere is like looking through a crinkly bathroom window; 
what you pick up is not a pure undisturbed wave front; it is the 
same in radio astronomy except the physics is somewhat different; 
scintillation is the name given to these fluctuations 
 
41:23:07 At this time we were in the old Cavendish Laboratory at 
the top of the colloid science building; I was there from 1948 until 
1972 when we moved to our new site; when we had discovered the 
sun's atmosphere, I did a calculation in 1952 which seemed to me 
to rule out the possibility that you would ever see scintillation 
caused by the solar wind; in those days when we had a handful of 
extra-terrestrial radio sources, the mixture of supernovae and radio 
galaxies, they all had a rather large angular size of several arc 
minutes, about the size of a moon crater; I had calculated that you 
would never see twinkling through the solar atmosphere because 
the sources were much too large; stars twinkle but planets don't; the 
moon doesn't twinkle as it has a much too large angular size; when 
I looked at the calculations of what the solar wind was doing I 
realized that you would never see scintillation because the sources 
were much too large so I never bothered to look for it, which was a 
great mistake; we discovered quite by chance in 1964 that in fact 
some radio galaxies did twinkle; it was a mystery as to why they 
should but a graduate student noted that they twinkled when they 
were not too far away from the sun but never when seen at a large 
angular distance from it; we used to have Saturday morning 
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discussion groups and Martin Ryle and I were talking about this; he 
asked whether it could be scintillation and I said it could be if they 
were of a very small angular size; it turned out that the ones that 
twinkled best were the ones that by then Jodrell Bank had 
discovered were in fact rather small; decided to do an experiment 
which I did with a colleague at Lord's Bridge and we discovered 
that a lot of the galaxies twinkled; this opened up the whole field of 
interplanetary scintillation; certain radio galaxies, which we now call 
quasars, twinkled through the solar wind; my work on the 
ionosphere and solar atmosphere suddenly extended; I realized 
that I could use this twinkling of certain radio galaxies to measure 
the speed of the solar wind which was enormously interesting as it 
had just been measured by the first Russian space craft; I decided 
to measure the solar wind on the ground and that is when my 
research took off; I set up a grid of radio telescopes across England 
and successfully measured the solar wind from the ground; this 
scintillation pattern of radio intensity sweeps over the ground and 
was crossing England at 3-400km per second but I could just 
measure the delays as it crossed my radio telescopes; I rapidly got 
graduate students to help and we measured the solar wind on the 
ground in competition with the early spacecraft; I was doing it for a 
few hundred pounds whereas it was more like £20,000,000 from 
space; we could do better than spacecraft in that we could measure 
the solar wind coming from the polar regions of the sun which 
spacecraft didn't manage until the 1990's; we found the solar wind 
was coming off the poles faster than it was blowing off the equator; 
this research led on in a natural way to the pulsars 
 
49:16:21 I developed the interplanetary scintillation technology and 
used that as a tool to measure angular sizes of radio galaxies; a 
scintillation varies strongly as you look at a particular source, 
whether it is close to the sun or far from it; there is much more 
scintillation when it is nearer the sun; if you apply diffraction theory 
to that you can see that this is a method for actually measuring 
angular sizes using an angular resolving power which is much 
higher than you can get with any sensible radio telescope; the wave 
lengths I was observing the scintillation on I could get an angular 
resolving power which would otherwise require a radio telescope 
bigger than the diameter of the earth; we were then beginning to 
understand more about quasars; in Martin Ryle's surveys of the sky 
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about a thousand or so radio galaxies were then known but it was 
not known what the radio galaxies were; one or two quasars had 
been discovered which had the property that they have a very 
bright nucleus and send jets in different directions; they have 
components which are a tiny angular size and it is those 
components which twinkle; I thought we should carry out a sky 
survey to see which of the thousand radio galaxies are the most 
interesting ones astrophysically, which are the quasars; I could do 
that seeing which ones scintillated most strongly and I could 
actually measure angular sizes; I developed the technology and set 
up a survey but it required a very unusual instrument; it had to be 
sensitive to see enough radio galaxies, working on a longish wave 
length which is where the twinkling shows up best, and it wasn't like 
any existing radio telescope; I had to build my own telescope which 
consisted of 2000 dipoles spread out over a four acre field; it 
observed the radio sources as they crossed the meridian and 
according how much or little they scintillated I could measure the 
angular sizes and sort our which ones were quasars; my survey was 
operating by 1967 and it was during that the pulsars turned up; this 
was a telescope we could build with our own effort and not too 
expensively; on present day funding it would cost about £1,000,000 
and in those days it cost about £20,000; I persuaded a committee 
that this was worthwhile and got funding; I was planning the 
telescope in 1965 and it was in operation two years later; with that 
instrument it was impossible to avoid pulsars as their fluctuations 
are in the same time scales as the scintillations I was looking at 
 
54:29:14 Messages came along coaxial cables and went on to pen 
recorders for reasons of economy and speed; digital recording of 
the quantity of data that I was handling then wasn't a very practical 
solution; we originally had three then four paper charts and it was 
my industrious student, Joscelyn Bell, who had the task of analysing 
all these; she was the first to see something strange going on; 
initially she pointed out a record which was showing too much 
scintillation in the middle of the night when you are not looking 
through a dense part of the solar wind; normally our radio galaxies 
only scintillated about a 10% level and what she noticed was that 
there was a rather faint source scintillating at 100% level in the ante 
solar direction; we didn't know what it was or even if it were a 
genuine signal; after it had reappeared we surveyed the whole sky 
 54  
roughly once a week and it had appeared two or three times; 
neither of us fully believed that it was a genuine source; decided to 
have a closer look; it could be something like the initial radiation 
from the sun which was discovered by Hey; perhaps there were 
stars in our own galaxy which are a bit like the sun but a bit further 
off which radiated intense noise when there were sunspots on 
them, but I realized that the radiation we would get from such a 
source wouldn't look like the normal interplanetary scintillation; 
decided to run a fast record and take a close look at the 
scintillations and their time structure; it took two or three months 
to get some good recordings but when we looked at the fluctuations 
more closely it was clear that they were pulsing; it was a shattering 
blow really; discovered pretty soon that it had to be beyond the 
nearby stars but was way out in our own galaxy as a stellar source; 
all kinds of thoughts went through our minds; it was such an 
artificial signal that I had to seriously consider that the signal was 
being sent to us; we could measure the size of the object launching 
the signal which couldn't have been larger than a planet; we had the 
problem of regular flashing signals from an object of planetary size 
or less without knowing what it could be; we were very careful to 
keep quiet as we had already had our fingers burnt; in 1957 we 
were the first group of radio astronomers to locate the Russian 
sputnik; everybody knew it was up there as you could hear it 
bleeping but nobody quite knew where it was; we set up a simple 
interferometer at the old rifle range and got the rough orbit; the 
press descended in hoards and filled the lab. asking stupid 
questions and normal work was quite impossible; they couldn't 
detect it at Jodrell Bank as they didn't know where it was until we 
sent its position to them and then they picked it up immediately; 
now we had a real mystery and the moment anything leaked out 
that we were picking up something strange, possibly intelligence, 
what would have happened? 
 
Second Part 
 
0:09:07 I had a test for the little green men idea though I had to 
pinch myself to take it seriously; I had to spend a week in my room 
at Churchill College marking a scholarship exam almost directly 
after the first pulse appeared on November 28th; I was having 
lunch there one day sitting next to Sir Edward Bullard, the 
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geophysicist, and told him; he said that if they were narrow band 
they were probably intelligence; as he took it seriously I had to too; 
we were already measuring the band width and they were indeed 
narrow band but my argument was that if you have intelligent 
signals they are likely to be coming from a planet, and that would 
have to be in orbit around a star; working in the Old Cavendish 
and doing careful timing of the pulses I'd discovered they were 
keeping time to better that a millionth of a second per day and I 
realized that I could detect planetary orbital motion so set up 
measurements to do that; I timed the pulses accurately for about a 
month but decided that if I could detect this planetary orbital 
motion; you can detect that by the Doppler shift; ultimately 
discovered that the only orbital motion was the earth's and when 
subtracted from the data there was nothing left, or if there was then 
it would be so distant from the star that life would not have been 
possible; took from November 28th; I was doing Doppler shift 
measurements until January and it took me that time to prove that 
there wasn't any additional Doppler shift; that eased my mind as it 
is not physics any more if it is intelligence; at the same time 
Joscelyn had been analysing past data because it was likely that if 
we discovered one then there might be others on the charts; she 
came up with three others which eventually she checked and they 
turned out to be pulsars too; I had discussed with Martin Ryle 
before Christmas when I did not know the answer what on earth 
we were going to do with this data if it turned out that intelligent 
signals were a likely explanation; you can't just publish it or release 
it like a news flash; we thought we would inform the Royal Society 
and get it handled nationally as it was too big a thing to deal with 
ourselves; luckily that never happened so we started to hunt for 
conventional scientific explanations; I went to the library and 
looked up books on midget stars and discovered that white dwarfs 
and neutron stars were possible solutions; we had enough to write 
about without saying what they were but describing the work we 
had done was quite a lengthy job; hinted at the end that this could 
have been oscillations of a white dwarf or a neutron star; kept our 
mouths shut which the Americans criticized us for later but I don't 
repent for a second; revealed the results first in the Cavendish at a 
group seminar as I felt people there should know what we had 
been doing; gave it in the Maxwell Theatre 
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7:54:00 Fred Hoyle was at the seminar; my relations with him were 
quite reasonable in those days; I met him on committees; he was a 
wonderful lecturer and always had something interesting to say; 
whenever the Observatory Club, as it was called, had meetings they 
were particularly full when Fred was speaking; he raised a very 
pertinent question at the seminar suggesting we wanted something 
between a neutron star and a white dwarf; a neutron star would 
have given rather more rapid flashes and the white dwarf rather too 
slow; after my lecture we told Jodrell Bank and they confirmed it 
instantly and could track it across the sky, which we couldn't do; we 
announced it jointly in 'Nature' in 1968, including Joscelyn Bell and 
the three others who had been involved in follow up work, Paul 
Scott, Robin Collins and John Pilkington; it appeared within about 
two weeks of the seminar 
 
12:12:07 Got the Nobel Prize with Martin Ryle in 1974; Joscelyn 
was an excellent student, well organized and a hard worker; she 
had also put a lot of effort into constructing the telescope at Lord's 
Bridge; when it comes to the design of the experiment, what 
observations to make, and the follow up work, she was working 
under my instructions; another student would have done the same; 
she is on record as saying that she does not think she ought to have 
shared in the prize 
 
15:56:05 After this, continued with solar wind measurements; one 
of the features that we discovered in the sky survey of scintillation 
on the nine hundred radio galaxies we were observing over twenty-
four hours was that certain patches of the sky showed more 
scintillation than others; these changed from day to day; realized we 
were making maps of interplanetary weather in a certain sense; this 
is a very important aspect of space research nowadays because 
there is so much space technology that has orbiting satellites 
around the earth; disturbances on the sun can be immensely 
damaging and can put satellites out of operation or even expose 
astronauts to high levels of radiation; I decided that here was a 
radio astronomical technique which might allow you to predict 
when damaging conditions are going to occur in space close to the 
earth; it takes two or three days for a solar disturbance to propagate 
from the sun to the earth; the Americans using current techniques 
are not able to predict their arrival very easily; the telescope was 
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working until 1994 studying space weather, even after we had 
completed our sky surveys; we worked on pulsars for a bit but 
returned to the work on space weather using radio astronomy 
technique, something I am still interested in; hoped that the 
Americans would take it up but they preferred to launch spacecraft 
but I still think there is useful work to be done 
 
21:23:13 The discovery of pulsars opened up a completely new 
chapter of astronomy; pulsars are spinning neutron stars which act 
like a celestial lighthouse; neutron stars are tiny and weigh typically 
just over the mass of the sun but are only a few miles across; the 
stars are compressed by gravity until they are a tiny angular size; 
they are on the verge of becoming black holes; Stephen Hawking 
used to phone me saying how delighted he was that neutron stars 
had been detected; led to the study of dense matter; confirmed the 
Roger Penrose and Stephen Hawking concept; more recent work 
on neutron stars found they gave extremely accurate time 
measurement in space and in regions where you can actually check 
out theories of relativity with enormous precision; it had never 
been known whether some of Einstein's prediction, like 
gravitational radiation, were correct or not; pulsars demonstrate 
that these things must exist; Taylor and Hulse in the U.S. found a 
pulsar which was in orbit about another neutron star, probably a 
pulsar, and could measure the orbital period to two neutron stars 
approaching each other; this opens up gravitational relativistic 
physics and that is a big area that led to another Nobel Prize to 
Hulse and Taylor 
 
27:15:07 Never worked with Hawking as he is a theoretician; 
Martin Rees, as a young graduate student, used to come around the 
old Cavendish talking about what radio galaxies might be; his sort 
of physics led to theories of how radio galaxies work, which turned 
out to be correct; he was very influential in understanding the radio 
maps that Martin Ryle was then making of high resolution showing 
exactly what was going on in these active galaxies; Rees is extremely 
clever and pretty wise; he used to think that astrophysics was an 
American practice rather than a British one but seems to have 
changed his mind; he is an extremely good President of the Royal 
Society 
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29:33:13 Never tempted to go to work in America though I have 
had offers and have spent a sabbatical at Yale; I have always 
enjoyed going there, but Cambridge was the centre of the universe; 
still is a wonderful place to be with so much going on and I think 
we are extremely lucky to be here; we attract the best young people 
and they are the stimulus, the pace-makers, that keep the place 
alive; I have always enjoyed our teaching methods here; have the 
one to one contact with young people which there is less of in the 
U.S.; think the combination of research and teaching is a 
wonderful mix; don't think I really understood physics until I 
taught it for two or three years; I enjoy lecturing; I had to do the 
introductory physics lectures in 1976 to anybody doing physics for 
the Natural Science Tripos, about 450 students; had to not bore 
the brightest or baffle the dimmest, teaching them a lot of basic 
physics but introducing more difficult things they would meet later 
on; the supervision system is one of the secrets of Cambridge with 
close contact with students; the questions bright students ask you 
are very challenging; too busy to write books but love presenting 
ideas; gave the Faraday Christmas Lectures; feel it is a duty to 
explain science to the general public 
 
34:24:16 Contact with religion at school somehow gets into your 
blood if you go to chapel once a day; I love the old music and the 
King James Bible; I married a clergyman's daughter which was 
pretty influential; while I have been a doubter all my life and still 
am, I do believe in God and believe in supporting the local parish 
church; having thought a lot about it I can't account for the world 
without God; to take the atheist view of Richard Dawkins seems to 
me to be total nonsense; I have read his book carefully and his 
arguments fall flat as far as I am concerned; sciences not anti-
religion; being a scientist and facing up to scientific understanding 
makes you prepared to believe in another world; I can't see the 
point of the universe unless there is an intelligence behind it, so 
you might as well call it God; when you look at the evidence it 
seems pretty strong too 
 
37:20:21 Advice to a young research student is don't follow the 
band wagon; try to get into some work that is on the boundaries; 
when I started in research I was late in applying to the Cavendish as 
I hadn't planned to be an academic; getting into radio astronomy 
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was the best thing that could have happened to me because all the 
popular areas had no vacancies; I had the technology and could get 
into it and do something; my advice is not to get into a well-worn 
popular subject; try and choose an area which looks interesting and 
exciting, about which little is known; at the moment, neuroscience 
or something like that as we haven't a clue how the brain works; 
when you are starting research your first paper is about the most 
important you will write; starting research is a very tricky time and I 
nearly gave up as I didn't think it was getting anywhere; on work 
methods, I think ideas come to you when you are actually engaged 
in something; dream a little bit and see whether ideas come 
 
Walking round the Old Cavendish with Sir 
Antony Hewish 
 
After the interview, Alan Macfarlane walked round the Old 
Cavendish Laboratory with Sir Antony and filmed him talking 
about the early days of astronomy.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
http://downloads.sms.cam.ac.uk/1532565/1532568.mp4 
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Owen Gingerich 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Interview on 31st August 2008 
 
http://downloads.sms.cam.ac.uk/1117240/1117248.mp4 
 
 
Owen Gingerich, The Great Copernicus Chase and Other 
Adventures in Astronomical History (1992)
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Adapted from Wikipedia 17.8.2014 
 
Owen Jay Gingerich (born 1930) is a former Research 
Professor of Astronomy and of the History of Science at Harvard 
University, and a senior astronomer emeritus at the Smithsonian 
Astrophysical Observatory. In addition to his research and 
teaching, he has written many books on the history of astronomy. 
Gingerich is also a member of the American Academy of Arts and 
Sciences, the American Philosophical Society, and the 
International Academy of the History of Science. A committed 
Christian, he has been active in the American Scientific Affiliation, 
a society of evangelical scientists, and is on the Templeton 
Foundation’s Board of Trustees. 
 
In addition to astronomical research, he has also studied the 
history of astronomy. Gingerich is a widely recognized authority on 
both Johannes Kepler and Nicolaus Copernicus, especially in 
regard to his De revolutionibus orbium coelestium. 
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INTERVIEW SUMMARY 
 
Owen Gingerich interviewed by Alan Macfarlane 31st August 2008 
 
0:09:07 Born in Iowa 1930; the name Gingerich originated in 
Berne in Switzerland; family came to the United States about 1850; 
it was a time of upheaval in Europe but I don't think they came 
directly for religious reasons; ours was an Anabaptist family, part of 
the Amish Mennonites; both my parents were; my father's family 
came from the Kassel region in Germany; my mother's family from 
the Alsace Lorraine region; the families came about the same time; 
the Mennonites are a pacifist group; believed in adult baptism 
which meant they were despised both by Catholics and Protestants; 
many Mennonites did emigrate to avoid persecution although I 
don't think that my family did; they were farmers and came to a 
rural part of Iowa; one of my direct ancestors owned a mill in 
Germany which I would have inherited as the oldest son of the 
line; it is now a restaurant 
 
3:33:03 My father was born some distance north of Washington, 
Iowa, and my mother in a small town south; they somehow met at 
a youth religious gathering and married in church without having 
made a prior announcement to family or friends; my father was a 
schoolteacher and so was my mother for a short while; during my 
youth my father was working on his Ph.D.; this was quite unusual 
as none of his siblings finished high school; one of his uncles had 
become Professor of English at Michigan University; my father 
admired him as a role model; working part-time, he managed to 
finish his doctorate at the University of Iowa in American social 
history, writing a thesis on the Mennonites in Iowa; during that 
time he went to every Mennonite church in Iowa, including the 
Amish churches; his family had originally been Amish Mennonites 
but the whole church left and became Mennonites when he was a 
teenager; we were always just Mennonites and not Amish; 
interesting that his Michigan uncle's son and another person 
produced a huge genealogy of the Amish Mennonites which has 
been of great use to the Johns Hopkins genetics researchers; the 
inbreeding of the Amish in Lancaster County, Pennsylvania, has 
produced many genetic pathologies; father was away a lot when I 
was young, working in Iowa City on his thesis; sometimes he would 
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take me there and leave me in the Natural History Museum; I was 
really quite terrified wandering alone among the stuffed lions etc.; 
one benefit I had was that sometimes he would bring books back 
and saw that I was rather interested in stars; one that I treasured for 
quite a while was 'The Beginners Star Book' because it showed 
where to look and what you would be able to see with binoculars or 
a small telescope; my father got another book which showed how 
to build a simple telescope, which he did with a mailing tube, a lens 
borrowed from the local optometrist, and an eye piece from the 
dime store; it was good enough to see the rings of Saturn; I 
remember with pride showing them to my teacher; this was my 
start in astronomy; however I was not limited to that but was always 
picking up rocks or fossils; I was a collector and have been all my 
life; my father was interested in the Mennonite tradition, in the 
pacifism, and also in that time very much concerned with what was 
happening in Germany; he spoke out against the persecution of the 
Jews, which was a little strange in Washington, Iowa, a town which, 
as far as I know, had no Jews or Blacks, a very solid white 
Protestant society; not all of his talks went well with the more 
militaristic school board, and they decided that with his Ph.D. he 
was over qualified as a high school teacher, and declined to renew 
his contract; this caused a family crisis as it was during the 
depression and it was very hard to get an academic job; he had 
various possibilities that all fell through; at the end of term they 
didn't know what to do and my mother had a nervous breakdown; 
she was taken away to a state mental hospital and while there got a 
life-threatening infection; she was transferred to another hospital; 
she always said that the high fever drove out the mental illness 
which I had always thought rather fanciful; later, when I had a 
chance to talk to a psychiatrist he said it was well known, but a little 
dangerous to induce a high fever in the hope of healing a mind; I 
was ten at the  time as my mother was in hospital for a long time; 
needless to say, the school board very hastily renewed my father's 
contract; however he realized that his position was uncertain and 
when another job offer came, within one week we packed and left 
for Kansas; that summer, as part of my mother's recuperation, we 
had taken a long car trip to the West coast and in the process had 
completely circled the State of Kansas; I had a brother who was 
four years younger 
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14:38:08 My mother was very artistic and did crafts of different 
kinds and also some creative writing, but basically a homemaker; 
she had had a couple of years of college, enough then to teach; 
when she was pregnant with me she passed her lifeguard swimming 
exam; she later served as a camp swimming instructor; my parents 
were interested in a balanced life that included a certain amount of 
recreation so we often played games together as a family; my first 
school was a public grade school in Washington, Iowa, and then 
went to another public school when we moved to Kansas; after 
going through junior high and high school, when I would have 
been a senior in high school my father got another job offer; we all 
packed up and moved to northern Indiana where he headed a 
Mennonite research foundation; I didn't want to go into a new high 
school and since I had worked diligently I went directly to Goshen 
College, a Mennonite school, so I never graduated from high 
school until just a few years ago when I was working on a book; 
Harvard magazine interviewed me, and I said that if my book made 
me famous maybe I would get an honorary degree such as my 
missing high school diploma; within six weeks I got a call from the 
Superintendent of Schools in Newton, Kansas, who said the school 
had voted to give an honorary degree if I would come for 
commencement; my publisher agreed to pay for my trip; during 
World War II, my father as a teacher was not in the age limit to be 
drafted, but many of the young Mennonite men went into civilian 
public service; these were camps for doing environmental work and 
as orderlies in mental hospitals; their stories about what was going 
on in the latter eventually helped canalize the nation into  giving up 
these rather horrible institutions; my father went round visiting 
these camps, giving lectures, and gathering information, because he 
figured that as a Mennonite social historian he would probably be 
the one to write the historical account of what happened; the men 
who went into the church camps were conscript labourers and got 
no money from the Government; the church had to pay for their 
food, clothing and maintenance; during the war there were few 
opportunities to travel but at the end of it my father heard that the 
United Nations Relief and Rehabilitation Administration were 
sending ship loads full of horses to war torn Eastern Europe; they 
were going to need supervisors for the cowboys and cowboy crews; 
he took the supervisor exam and was appointed; meanwhile he was 
recruiting young men to be cowboys from among his friends; when 
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we had our fiftieth reunion of the cowboys the question was why 
the parents of all these sixteen and seventeen year olds allowed 
them to go; it was different then as many young people had been 
drafted, but everybody agreed that it was confidence in my father as 
supervisor; there were thirty-two of us; I got a merchant marine 
card as a cattleman although I had not had any farm experience; we 
went to Poland with some eight hundred horses in 1946, on a 
reconditioned liberty ship with the horses in stalls on the upper 
deck to the holds, on three levels; we sailed past the White Cliffs of 
Dover and stopped in Plymouth because we had had trouble with 
the refrigeration and needed fresh food; we went to see the 
bombed out church in Plymouth which was our first encounter 
with the war damage we had read about; we went through the Keil 
Canal; the very patriotic American pilot would not have the 
German pilot on board when crossing the North Sea; this meant 
we promptly got lost in the worst mine field of World War II; we 
saw enough mines to be terrified; the ship just crept through with 
one sailor with binoculars on the prow; I remember once being aft 
and suddenly noting that we were making a right angle turn; we saw 
the mine floating by which had been ahead of us; when we got to 
Northern Poland we offloaded the horses and at the same time got 
our first glimpse of the horrors of war; prostitution, black 
marketeering, on the wharfs, and piles of rubble that constituted 
Gdansk; on the way back we stopped in Copenhagen for about six 
days for repairs; with one of my friends found the Copenhagen 
Observatory; an hospitable woman opened the door; her job was 
sending out the astronomical telegrams for announcements of 
comets or novae; never in my wildest imagination could I have 
thought that eighteen years later I would be taking over her job, 
and moving the telegram bureau to Cambridge, Massachusetts; this 
whole episode of going to Poland influenced my life in completely 
unexpected ways because when I was in Europe to do the transfer 
of the telegram bureau there was a meeting in Hamburg of the 
International Astronomical Union; there I met a young Polish 
scholar who was interested in the history of science; I told him the 
circumstances under which I had visited Poland and he invited me 
to come again to see it; the next year the International Union for 
History and Philosophy of Science was meeting there and he 
invited me; my wife and I went and it was wonderful to see more of 
Poland and to realize that the Poles were looking forward to the 
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five-hundredth anniversary of Nicholas Copernicus in 1973; one 
thing led to another and I became a member of the committee 
working on the celebrations 
 
27:13:15 When I was at college I was influenced by the chemistry 
professor; I became a chemistry major as that was the best 
organized physical science; the mathematics and physics professor 
did not offer the courses every year because in a small school there 
were not that many physics majors; the name of the chemistry 
professor was Glen Miller, a boyhood friend of my father's; they 
were the first of their community to get PhDs; a first cousin of my 
mother's became one of the first Mennonite women to get a Ph.D.; 
when we arrived at Goshen College she was the home economics 
professor; my father, though not directly employed by the College, 
would occasionally teach the introduction to civilization course; 
during this time I built my own 8" reflecting telescope, by grinding 
the mirror, getting the castings made for the mounting, and putting 
it together; it was a pretty decent instrument; while I was still in 
Kansas we were living on the campus of another Mennonite 
college; there, there was an amateur telescope maker who let me 
use his 6" telescope whenever I liked, so I had some experience; I 
started looking at variable stars; another key in my life trajectory 
was that I saw you could become a life member of the American 
Association of Variable Star Observers, which had their 
headquarters at Harvard College observatory, for $50; I had a job 
washing out sewers in this small suburb of Newton, Kansas, which 
involved filling underground reservoirs with water twice a week and 
then releasing it into the sewers; for this job I was paid $25 a year; I 
asked the AAVSO if I could pay my life membership in two 
instalments which they agreed to; they were impressed that 
someone so young was prepared to join for life; at Goshen College 
I got very interested in the Astronomical League which was the 
American amateurs association; I hitch-hiked to one of their 
annual meetings which was held in Milwaukee; we took a field trip 
to the Yerkes Observatory which has the world's largest refractor, 
40"; there was an amateur astronomer showing the telescope to our 
group; I discovered that he had been hired as a summer employee 
to look after the public; the idea that an amateur could get a job at 
an observatory was pretty fantastic and since I had the connection 
with Harvard through the AAVSO I applied there; I got a reply 
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from Harlow Shapley who was probably the most famous 
astronomer in America at that time; I got the job; once again I 
hitch-hiked to Cambridge, Massachusetts, and got acquainted with 
the observatory; met the graduate students, saw what would be 
involved to became an astronomy graduate student; the next 
summer I got a job at Sky and Telescope Magazine which also had 
offices at the Observatory; I was very much interested in journalism 
and had thought that I might become a science journalist; I was 
editor of the college newspaper and yearbook so I had some 
experience which was useful when I worked for Sky and Telescope 
 
35:21:15 Harlow Shapley was by this time very much a public 
figure who had done a lot for bringing scientific refugees from 
Europe during the war; he had made his reputation at Mount 
Wilson Observatory in the teens of the century; he was the person 
who really found out how large the Milky Way galaxy was and how 
off centre we were; when he took up the job as Director of Harvard 
Observatory he realized that if he used the southern station 
properly they could photograph the Large Magellanic Cloud which 
is the nearest external galaxy to the Milky Way; that was a good 
part of his research interest; I did just general hack work of 
different sorts; I was taught how to make lantern slides; it was the 
first time that he was going to teach an undergraduate course in the 
summer school and I made lantern slides for this; I also was the 
person who fetched the plates for his assistant who was doing 
variable star work; I learnt how to find the plates because they were 
filed in an enormous vault, with 500,000 glass plates dating from 
the late nineteenth century; you had to use a card file system to 
locate the plates; I sometimes worked late at the Observatory and 
Shapley was often there; he would tell me how he had made 
lantern slides when young but when he got to his first Astronomical 
Society meeting and saw how professional everyone's slides looked 
he went out to a local photographer and had them remade, 
spending all his lunch money to get them; as I began to understand 
more I realized that he was that sort of enthusiast and 
entrepreneur; he had started life as a journalist so we had other 
things in common 
 
38:54:23 The school had a motto, "Culture for Service", and I 
wasn't sure that astronomy would be of much service whereas if I 
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continued as a chemist I could make all sorts of good things; here 
the physics teacher was helpful as he said that if I felt I had a calling 
for astronomy I should follow it and that the atheists should not be 
allowed to take over any particular field of learning; many years 
later when I became a professor of history of science at Harvard I 
had a certain number of honours theses written by undergraduates; 
one of them wanted to write about the science-religion dialogue 
since World War II; in his research he discovered that many of the 
more conservative churches were very suspicious of higher 
education; that would have been true at the time when my father 
was getting his degree; as a result, just after World War II many of 
these leaders realized they were going to lose the intellectual battle 
if they did not send their young people to graduate school and to 
let them become experts in any number of fields; I went to 
graduate school at Harvard, the only place I applied to 
 
41:21:15 Eddington was an ardent Quaker, and one of his 
students, Cecilia Payne, had come to America and done a brilliant 
Ph.D. thesis with Harlow Shapley who was just beginning the idea 
of forming a graduate school; she became Cecilia Payne-
Gaposchkin and ultimately became my thesis advisor; she was very 
sympathetic to the Quakers because of her admiration for 
Eddington; some of the others, like Shapley, were apt to make 
wise-cracks about religion which I found somewhat intimidating; I 
have become more implanted in the science-religion dialogue; in 
the late 1980's I was asked to inaugurate a lecture series at the 
University of Pennsylvania on the subject and I wrote out my pro-
Christian anti-creationism lecture; subsequently I gave that lecture 
in forty different venues in colleges and universities across 
America; I thought that the heavens declare the glory of God and 
you are looking at a very old earth and universe because it takes 
such a long time to cook up the elements required for life; I was 
interested in the general questions of fine tuning, the idea that it is 
so remarkable the resonance levels in the carbon atom, something 
predicted by Fred Hoyle, who thought it could not have happened 
by blind chance; more recently I was invited to give the William 
Belden Noble Lectures at Harvard's Memorial Church; I gave 
three lectures which were then published by Harvard University 
Press as 'God's Universe'; in the book I said that I believe in 
intelligent design but am suspicious of Intelligent Design which I 
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see as a largely political and anti-evolution movement; I am at 
present writing a book about evolution for main-stream Christians 
who are very confused about all the debate; it will be a different 
kind of book as I shall include a certain amount of historical 
material, and also go into what the religious issues are 
 
48:40:07 I was in graduate school at a very interesting time when, 
for example, the whole distance scale of the universe was doubled 
with the discovery that there is not one but two different kinds of so 
called Cepheid variable stars; in 1953 I had the opportunity to go 
to one of the very first summer schools that the National Science 
Foundation sponsored; I was at Ann Arbor, Michigan, for three 
weeks and among the other student participants was Allan Sandage 
who became one of the leading observational cosmologists, 
Margaret and Geoff Burbidge, who are now eminent cosmologists, 
and an interesting group of lecturers, including George Gamow 
and Ed Salpeter who then went to renovate the astronomy 
department at Cornell; the lead lecturer was Walter Baade, an 
astronomer from Mount Palomar who had doubled the size of the 
universe; my problem in graduate school was that I was 
tremendously interested in spectroscopy but you needed a big 
telescope to get enough light and Harvard did not have one large 
enough; we were at the mercy of the West Coast or the McDonald 
Observatory in Texas or the Dominion Observatory in Canada; 
using hand me down material is not always the best way to go; 
meanwhile the Korean War had heated up and I had signed in as a 
conscientious objector and had a student deferment; however some 
things went wrong bureaucratically and my draft board was 
determined to make an example of me; I was drafted out of 
graduate school as a conscientious objector but not until I had had 
a full FBI interrogation to guarantee my sincerity; by this time I 
knew that as a conscientious objector most of the opportunities 
were work in mental hospitals but there were certain other 
approved jobs and one of them was the possibility of teaching 
overseas; by chance the American University in Beirut, which had a 
long tradition of teaching astronomy which it had lost during 
World War II, were interested in hiring an astronomer and wrote 
to Harlow Shapley asking him to recommend someone; he knew 
that I was looking for something and showed me the letter; so I was 
sent to Beirut 
 70  
 
Second Part 
 
0:09:07 In the meantime I had a girlfriend whom I'd met at 
Goshen College where we'd worked on the newspaper together; 
she was a nurse and had come to Boston with another nurse to 
work; I told her that I was going to spend my honeymoon watching 
a total eclipse of the sun and that she should get more interested; 
that was how it turned out, and we have been married now for over 
fifty years; have to say that it turned out to be cloudy on our 
honeymoon but since then I have taken her to ten solar eclipses; in 
my graduate work, thinking that I was going to be drafted at any 
moment it did not seem to be a good idea to get deeply involved in 
a thesis only to have to abandon it; I did get a job as a teaching 
fellow in a general education course taught by Professor I. Bernard 
Cohen who was the founder of the History of Science Department 
at Harvard; he was a gifted lecturer and ran a course for science 
students using the historical approach; I think that despite the fact 
that there was an intense love-hate relation between us, I learnt a 
great deal about lecturing technique; it got me interested in 
teaching but also in the history of science; I gradually began to do 
more reading in the subject; then got the offer to go to Beirut and 
left with my new wife; two years were required by Selective Service 
but I stayed for a third year because I had things that I wanted to fix 
in their observatory before I left; also I taught the junior mechanics 
course; teaching beginner's physics to rather obstreperous Arab 
students was a great experience for me because I was always 
intimidated about how I would do in my final oral exam; I did not 
appreciate at the time that the final oral was not to find out what 
you know but what you don't know; I was not happy to have been 
drafted out of graduate school, but it was divine providence 
because in the meantime the Sputnik had gone up, the 
Smithsonian Astrophysical Observatory had moved to share 
quarters with Harvard Observatory and there was a tremendous 
burst of growth there; they also had the fastest computer in New 
England with extra time on it; I was interested in spectroscopy in 
spectra but it was very hard to get the materials; I turned to the 
theoretical side; I got permission from Cecilia Payne-Gaposchkin 
to switch my advisors; I went with a younger professor who had 
been at graduate school with me but had graduated sooner; he was 
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very interested in using the computer to calculate model stellar 
atmospheres, the way the radiation flows through the outer layers 
of the star; previously everybody had assumed that the stars were 
grey across the wave length regions so you would not take into 
account the different opacity of the atmosphere in the different 
colours of light; with the computer you could handle the whole 
thing; I just loved the computing and was soon deeply entrenched 
into this cutting edge area, the result of which was that I had a really 
great thesis and a job offer from the Smithsonian Observatory to 
continue in this kind of work because they were planning to send 
up a special satellite to look at the sky in the ultra violet and they 
needed theoretical capability to interpret the results; I was not 
involved in that position very long when the astronomy teacher of 
their basic natural sciences course in the general education 
programme left; they needed a teacher for the following year and 
asked if I would be interested; I had had the background with 
Bernard Cohen, in fact when I returned from Beirut he had 
employed me as a lecturer in his course; I took the job and 
gradually moulded the course to my own ideas, introducing much 
of the historical material that Bernard Cohen had used earlier; 
ultimately when I retired in 2000 it had become the longest 
running course at Harvard under the same management; during 
this time I had a hundred teaching fellows working with me; 
teaching the teaching fellows was my most important job; some 
have gone on to very distinguished positions, one, David Politzer, 
won the Nobel physics prize, who had been doing his prize 
winning graduate work at the same time as teaching for me 
 
11:17:08 Bernard Cohen had become an historical consultant for 
IBM and he brought me in on that project; it involved working with 
the distinguished designer, Charles Eames; I went out to California 
fairly regularly to look at the exhibits he was making like a huge 
time wall of computer history; he then did a special exhibition on 
Copernicus for which I was the key person; Charles was probably 
the most creative person I have ever worked with because he not 
only designed chairs; he had curiosity and a wide interest in all 
sorts of things; he made a film, 'Toy Trains', because he was a 
collector of toys; I went on a photographic expedition with him to 
Poland and Sweden in connection with the Copernicus exhibition, 
where I learnt a great deal about seeing things in detail, taking 
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pictures of books at interesting angles and not just flat on; he 
invented the multi-screen projection show; he used this first for the 
US pavilion at the International Fair in Moscow and then 
developed it further; as a result, I started showing my slides always 
on two screens; he was flying back from Poland on one trip and he 
realized that if he wanted to get to the nub of what Copernicus was 
doing he would want to show how the Ptolemaic geocentric system 
gave the same answers as the heliocentric system, but the vectors 
are arranged in a different way but they point ultimately in the same 
direction; he figured out how to make a model of this with bicycle 
chains hidden in the background; within two or three days of his 
return his shop had made this model which was rugged enough to 
run for six months in the exhibition; I presented the problem to 
my students over the years but none of them was ever ingenious 
enough to figure out how to do it, except on the computer 
 
15:58:17 Philip Morrison was a good friend who lived close to us 
whom I got to know as a result of some school projects; he was a 
polymath who was for many years the book review editor for 
'Scientific America'; he had a problem of how to get rid of books so 
my wife and I often used to go over for ones that interested us; he 
went out and worked in the Eames shop for a year while he was on 
sabbatical, rather his wife worked in the shop and he would come 
in from time to time to consult; he was teaching at UCLA or 
Caltech for that year; he was probably the most unforgettable 
character I have ever met; he worked at Los Alamos and had lots 
of stories about it; he came one 4th July when our sons had made 
fireworks from basic chemicals and talked about the Trinity 
explosion at Los Alamos; they had had to make a test explosion to 
calibrate the Trinity test; enlisted men were throwing boxes of 
dynamite off a truck and Phil was about to leave when the officer in 
charge said there was no danger; he instructed the men to stack up 
the boxes in a wall and to bring someone with a machine gun to 
show how safe it was; Phil left before the demonstration; he flew 
with the core of the bomb to Tinian to put it together before it was 
flown to Hiroshima; as a result he became one of the leading 
proponents to ban nuclear weapons; he had been to both 
Hiroshima and Nagasaki after the bombing; we were once in a 
Japanese restaurant with another physicist talking about this; a 
 73  
waitress overheard and said that she was from Nagasaki which 
caused a deadly silence 
 
20:30:10 Jerzy Dobrzycki, the Pole whom I'd met at the Hamburg 
meeting of the International Astronomical Union mentioned 
before, later became the director of the History of Science Institute 
in Warsaw; I became friendly with him and later, a collaborator, 
and he was often able to come to the States to work with me; I saw 
when I was on this international Copernicus committee with the 
anniversary approaching that probably I would be expected at 
some point that year to say something about Copernicus; what 
could I say that was new? Copernicus had been studied for some 
centuries and the archival materials had been well worked over; I 
went on sabbatical in 1970 to Cambridge, England, and on a 
holiday we took the children up to Edinburgh; on the way I 
stopped in Leeds with another professor on this international 
planning committee; we talked about Arthur Koestler's book, 'The 
Sleepwalkers', which was a bit of a put down for Copernicus saying 
that it was the book that nobody read; we started to think about 
people who might have read it at the time of publication and drew 
up a list of possible readers but ran out of names after ten; in 
Edinburgh I went to the Royal Observatory to look at their book 
collection; looked at their first edition of Copernicus; I was amazed 
to realize that it was annotated thoroughly in the margins; if this 
book had so few readers it seemed preposterous that the next copy 
I should look at should be so thoroughly well read; there was no 
name in the book but the binding was special; in 1543 when the 
book came out the pages would have been bound to suit the buyer; 
noticed that initials E.R. were stamped on it; wondered if it could 
be Erasmus Reinhold; I took a rubbing but as I did so, to my 
dismay, a third initial turned up, E.R.S.; I didn't know then that it 
was typical in the sixteenth century to use a toponym, (the place 
where you were born); he was born in Saalfeld; so I had found a 
copy read by one of the ten people on our list; this gave me the 
idea to look at more copies and to look at the annotations made at 
the time; that is when the great Copernicus chase began; I went 
back to Cambridge and consulted the catalogue of early books; 
among others, found that Trinity had three copies; it became more 
than a simple research project but became an obsession to try to 
see as many copies as possible; it took me thirty years before I was 
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able finally to publish the census of some 600 copies of the first 
and second editions, giving the provenances and ownership of each 
copy, where possible, plus information on annotations; the most 
interesting thing was the intense connectivity between copies; if you 
got one that was heavily annotated you were likely to find another 
with identical annotations because students copied their teachers' 
notes  and for Erasmus Reinhold there are at least a dozen copies 
that have some of his annotations recopied into them; after I did 
the census I wrote a memoir about it entitled 'The Book Nobody 
Read'; my publisher was nervous at first, but the title proved to be 
good for getting book buyers to look at it further; of the 600, I did 
not see them all as some had been destroyed during World War 
II; I am now in the position of having see more copies than can be 
located because a number of first editions have been stolen and 
passed through the market to unknown owners 
 
28:52:06 Have known Martin Rees since the trip to Cambridge in 
1970; I spent half that year in Cambridge and then went to Beirut 
as I wanted to show our two eldest sons where they had been born; 
when I came back there was a conference at the Astronomical 
Institute and I recently found the group photograph; there is 
Martin sitting in the front row looking very young and I am 
standing just behind Geoff Burbidge, looking very young, near 
Martin Ryle, Fred Hoyle in the front row with Margaret Burbidge 
and Willy Fowler, and Roger Penrose is in that row - quite a 
distinguished galaxy of people; Martin is such a wonderfully patient 
person, you would think he had nothing else to do; when I was first 
there on sabbatical there was a luncheon meeting of the 
astronomers and Stephen Hawking came quite regularly; at that 
time he drove his own specially equipped car; I followed his work 
from afar and he has done several quite brilliant things with respect 
to cosmology, black holes, and so on; he was obviously not in a 
position to be the Director of the Astronomical Institute, which 
Martin was; Martin has his finger on a lot more things; it is hard to 
compare them as to what their ultimate impact will be seen to be in 
terms of the pure science; in terms of working as an effective 
administrator Martin Rees is going to make a considerable mark; I 
know Anthony Hewish pretty well, to the extent of always calling 
him Tony; when I had arrived by overnight flight to London and 
was in somewhat of a daze, who should I meet in the Burlington 
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Arcade but Tony Hewish; he said he was going to give a Friday 
evening discourse to the Royal Institution; he got me a ticket so I 
could hear him lecture; on my next sabbatical I was invited to give 
one of these lectures, which I did 
 
34:39:19 I have always been interested in how science works, what 
are its claims to truth, how do these claims stack up vis-‡-vis 
religious claims; it seemed to me very important to do some 
science so I could understand and appreciate how you handle raw 
data and how you learn to trust or doubt it, because when you are 
working on the cutting edge things are not clear cut, otherwise 
somebody would already have done it; at a certain point we got a 
new director at the Smithsonian Centre for Astrophysics, George 
Field; he was interested in bringing in a new group of x-ray high-
energy astronomers to build up a whole new section; therefore he 
was wanting to cut down in some of the other areas; I had had a 
graduate student who I had hoped would be able to come back to a 
position there and continue to work with me on the stellar 
atmospheres; George said he would be happy if I stuck to history, 
so I figured that if he wasn't going to get me any assistants I would 
concentrate on the astronomical things; we had the four-hundredth 
anniversary of Kepler in 1971 and I worked quite intensively on 
that; about that time I was the lead author of the last astrophysics 
paper that I wrote; recently we had a big Kepler symposium in 
Poland and I suppose that three-quarters of all the Keplerians were 
there and they kindly gave me an honorary degree; in the citation 
they mentioned that one of my astrophysics papers, the last, had 
720 citations; I was pretty surprised at that; it taught me that the 
number of citations is a very weak test of the significance of a paper 
 
Further thoughts on 1st September 2008 
 
37:58:20 I suppose I would consider myself better known as an 
historian of science; was interested in how science works and by 
doing science to get some insights; the history of science gives you a 
broader perspective and sometimes it is easier to tease out the 
meanings a hundred to four hundred years ago; I have devoted a 
lot of time to thinking about Renaissance astronomy and exactly 
what the relations between observations, theory, and scientific 
proof versus scientific persuasion; that gives me also a foundation 
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for thinking about the broader questions of where truth lies in 
religion and science; I suppose that as a historian of science my 
contribution would lie particularly in the work I have done in 
making the census of Copernicus' book but I hope I have got 
further insights into how Kepler was thinking, how Galileo was 
mapping the moon and so on; I have worked in twentieth century 
astronomy as well as on ancient astronomy; I am not sure how well 
read those papers will be but I hope they have made some 
contribution 
 
39:56:14 Deductive versus inductive proof; Galileo using inductive 
methods was unable to get the kind of proof that Cardinal 
Bellarmine was looking for or that Urban VIII suggested would be 
required for the Copernican system; in the end Galileo's arguments 
proved very persuasive for the Copernican system; if you look in 
the textbooks today the arguments for the mobility of the earth 
would be largely what we call the annual stellar parallax, the reflex 
movement of stars because of the earth's movement or for the 
rotation of the earth, the Foucault pendulum, yet when those two 
things were finally discovered as proofs it was too late, in a sense, 
because everybody was already convinced; in looking historically, a 
great deal of how science goes is by persuasion; if you look back 
four hundred years ago to Kepler's great 'Astronomia nova' you 
discover if you look at the structure carefully that a great deal of 
that book is to persuade his audience that he has tried hard enough 
to get an alternative to the elliptical orbit 
 
43:13:10 Copernicus, Galileo and Kepler were creative scientists as 
they were willing to think outside the box, to let their sense of 
aesthetic overrule what seemed to be common sense; for 
Copernicus the idea of being on a spinning earth is ridiculous, and 
he was afraid of being hooted off the stage by people who felt it was 
impossible to have the earth moving swiftly; what Copernicus had 
seen once he made this transformation to place the sun rather than 
the earth in the centre of things, then you automatically had the 
planets arrayed in orbits around the sun so that the planet closest to 
the sun, Mercury, went around the fastest and the one farthest, 
Saturn, was the most lethargic, and the rest fell in between; it was a 
beautiful unifying idea; suddenly you had the same kind of pattern 
for each planet which before was an individual mechanism; I think 
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it was the power of that aesthetic that won the day with Copernicus, 
but it took a while for other people to be swayed by that approach; 
Galileo wrote early on to Kepler that he was a Copernican, but 
secretly, yet he didn't seem to teach it at all, made no publicity 
about it, and I suspect he had serious doubts about it until he 
found out about the telescope and was able to improve it so that he 
was able to change what was a carnival toy into a scientific 
instrument; when he started looking at the moon and had enough 
of an artistic background to understand the shadows and the light 
in terms of topography, he realized that he was looking at an earth-
like object and that wasn't how it was supposed to be in the 
Aristotelian cosmology because the moon and the planets were 
something totally foreign to the earth and the terrestrial elements; I 
suspect there was some kind of eureka moment in December of 
1609, and out of that he emerged a convinced Copernican; harder 
to figure out when it happened with Kepler, but even as a student 
at the University of Tubingen, he was arguing in a student 
disputation in favour of the Copernican system; somehow that 
challenged him and he asked a series of very strange questions such 
as why were there only six planets and why are they spaced out with 
so much empty, apparently useless, space in between, which they 
didn't have in the nested pattern which was used by the followers of 
Ptolemy; when he got the idea that maybe the famous platonic 
solids could fit between the planets as spacers, and there were just 
five of these platonic solids and six planets that had spaces between 
them, this was a wonderful insight for him; of course, as he worked 
it out he thought that this whole Copernican system represented 
the Holy Trinity; he was trained as a theologian and saw the sun, 
the space between and the distant stars as the same three 
components that you would get in the Trinity; it was kind of crazy 
but part of that moment of eureka 
 
48:49:03 Both my wife and I share common interests in classical 
music and we are great listeners; we have often gone to concerts 
together but we are not performers; particularly like Beethoven, 
Mozart and Schubert; we also have an international class shell 
collection and we follow some esoteric aspects of shell collecting 
from certain species; our collection contains two world record sized 
specimens in the Fusinus genus; I am interested in the question of 
fakes and forgeries; when I am working it is usually recomputing 
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some seventeenth century astronomical table and figuring out how 
a relatively incompetent Dutch astronomer almost drove Kepler's 
great 'Rudolphine Tables' out of the market, I love to work on 
things like that 
 
51:45:10 I have had over a hundred teaching fellows working with 
me and many have turned out to be gifted astronomers, in secure 
positions, doing wonderful work; some went off into medicine and 
other teaching positions, but I think they are doing satisfying work; 
one has become a professor in a Christian college in the mid-West 
and with his students has got them into the process of discovering 
asteroids; they have discovered maybe a dozen or more; he went as 
a research project after the asteroid that is named after me and 
found that it is spinning at one of the fastest known rates for an 
asteroid, or possibly it is a very close binary asteroid, which tickles 
me 
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Adapted from Wikipedia – 17.8.2014 
 
Edwin Ernest Salpeter Wsn Austrian–Australian–American 
astrophysicist.  
In 1951 Salpeter suggested that stars could burn helium-4 into 
carbon-12 with the Triple-alpha process not directly, but through 
an intermediate metastable state of beryllium-8, which helped to 
explain the carbon production in stars. He later derived the initial 
mass function for the formation rates of stars of different mass in 
the Galaxy. 
Salpeter wrote with Hans Bethe two articles in 1951 which 
introduced the equation bearing their names, the Bethe–Salpeter 
equation which describes the interactions between a pair of 
fundamental particles under a quantum field theory. 
In 1964 Salpeter and independently Yakov B. Zel'dovich were the 
first to suggest that accretion discs around massive black holes are 
responsible for the huge amounts of energy radiated by quasars 
(which are the brightest active galactic nuclei). This is currently the 
most accepted explanation for the physical origin of active galactic 
nuclei and the associated extragalactic relativistic jets. 
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INTERVIEW SUMMARY 
 
Edwin Salpeter interviewed by Mark Turin 12th November 2008 
  
0:09:07 Born in Vienna, Austria, in 1924 but spent much of my 
first five years in Budapest; that was a time when there was a lot of 
communication between Austria and Hungary although it was no 
longer the Austro-Hungarian Empire; my father went to work in 
Budapest for five years; I have no memory of that time; a few years 
later we did go back to Hungary and I managed to pick up 
Hungarian more quickly than other people; the one thing I 
accomplished was learning how to swim; immediately after taking 
his PhD my father was academically inclined and even wrote a 
textbook on mathematical methods for physicists and medical 
doctors; it became clear that there was too much anti-Semitism to 
become an academic; industry was much more open-minded; 
mother had got her PhD in physics but gave up working as soon as 
I was born, a year and a half after their marriage; she did give 
occasional lessons; in physics, my father did something on radio 
activity, on how it affected currents in what otherwise would be 
insulators; Schrödinger, at the same university, was working on 
highly isolated insulators; my father's radio activity almost did some 
trouble to Schrödinger's experiments, but they managed to work it 
out 
  
5:07:00 In Vienna we lived opposite a workers' apartments; when I 
was about twelve there was a civil war being fought opposite, with 
my mother trying to keep me away from the window; for a Jew is 
was not a pleasant place to be; they thought of themselves as 
Austrians first and were well assimilated; there were not strong 
Jewish communities; I had Jewish friends because even at that stage 
you had more friends of your own persuasion; there was some 
controversy between my mother and me over schooling; when I 
was about ten and had finished elementary school, one had to do 
an exam to get into the gymnasium; to anything worthwhile you 
needed a gymnasium education; I failed the entrance exam; my 
mother said the authorities were all anti-Semitic; my theory was that 
she was partly right, but I had been reading a wild west story 
instead of preparing for it; my father's name was Jakob Leib; it was 
a custom that even if you were not a very religious Jew that you 
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would take a Jewish middle name - Leib means lion; mother's 
name was Freiderika, maiden name Horn; I never met any of my 
father's relatives; he had come from Galicia and had left to study in 
Vienna; his Galician relatives never visited Vienna; a relative, a bit 
older than me, did keep in touch; learnt they were all murdered, 
many by the local Poles who were at that time in charge of Galicia, 
and the remainder by the Nazis; I lived in an apartment within an 
apartment house which was owned jointly by my mother and her 
mother; my maternal grandfather died before I was born though I 
do remember stories about him; we even have a photograph of 
him proudly driving a car when my mother was about eight; he was 
an electrical engineer and was very proud of being assimilated; 
there was once a tiger that had escaped from a travelling show and 
he shot it; my mother as a girl travelled a lot as, especially in 
summer, he would go to build electric railroads, converting 
funiculars and other railways to run on electricity 
  
13:08:10 My mother had really wanted to study medicine but the 
authorities at the university decided that there was money in 
medicine so it was useful and important, so she could not study it; 
physics was seen as useless so they did not mind her studying that; 
for me personally, the most interesting thing was my attitude 
towards areas of endeavour and school; we had lived in a very non-
intellectual suburb and I was in a school that wasn't in any way 
selective, so I was top of my class in all subjects but had no 
thoughts about my future; I have a half-sister; my father had 
previously married a Catholic woman whom he had made 
pregnant; he intended to divorce her immediately after, but had 
gone to the extent of becoming a Catholic for the marriage; my 
sister was named Maria Christina to emphasise her Catholic 
parentage; this was because her mother already feared that they 
might have to pretend that she was fully non-Jewish; when the War 
happened they emigrated from Vienna to Waldkirch, a little town 
on the border between Austria, Lichtenstein and Switzerland just in 
case anyone remembered the link to my father; they survived the 
War but did not return to Vienna; my sister married a Swiss 
businessman but lived with them in Waldkirch; she shares my 
surname, the German form of saltpetre - sodium nitrate; when I 
was in college in Sydney I got very interested in chemistry and 
almost switched from physics; have had almost as many papers 
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published in chemical journals as in physics [though he comments 
here that he "had almost as many papers published in chemistry 
journals" is clearly linked to the time he had just been discussing 
not to his life, for certainly he had hundreds of astrophysical papers 
to his 
name. For years he was putting out six or eight major papers a year] 
; did continue to meet my sister often as a child but my parents did 
not have another child; things looked pretty bad when they might 
have done so 
  
20:48:00 My father specialised in running incandescent lamp 
factories; there was a big cartel run mainly by Phillips Electrical 
Industries, but he started with one of the outsider firms so he had 
patent fights etc.; when we were trying to get out of Austria - at first 
he thought that it wouldn't happen, but after Kristallnacht (1938) he 
became interested in finding a job elsewhere and emigrating; 
luckily for him there was in Sydney, Australia, a manufacturer of 
glass, including the glass for light bulbs; he used to sell light bulbs 
to Phillips but they claimed his bulbs were getting too expensive so 
they threatened to make their own; they needed somebody to be 
boss of their factory and my father was clearly the man; the raw 
materials were not there in Australia so we went via London in 
about January 1939, my father having gone before us, where we 
stayed for about two months; when I started in Australia I did not 
know much English but I already had an English accent; for a few 
weeks of the time in London I was in a boarding school; we could 
not have gone to the US at that time as America was anti-refugees 
and would not have given us visas; my father had looked at other 
places, such as Rumania, for a job; after Kristallnacht my mother 
and I were kicked out of our apartment with just one suitcase each; 
for leaving Austria, all we could take with us was the same one 
suitcase; my mother managed to get together some of the more 
important things in the house and hire a shipping contractor to 
send it on to Sydney; these things take time but the enormous 
crate, sent by a German shipping company, arrived in Sydney after 
the War had started; there were no restrictions on us taking the 
contents; when we were evicted my grandmother was sent to 
Theresienstadt and murdered there 
  
28:28:23 For a teenager, Australia was just an ideal country to grow 
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up in; it is an outdoor country so you could spend your time 
bushwalking in the Blue Mountains; the new language led to me 
getting through quicker; the timing of high school years was 
different; somehow it looked to the authorities that they should put 
me into fourth grade even though I had in fact been in the 
equivalent of second grade; they could not test me on the subject 
matter as I knew almost no English; they let me study on my own 
for a year or so and I managed to learn enough to get on; the 
school was certainly welcoming and so were most Australians; my 
parents may not have felt as much at home as I did, but they 
seemed pretty much so; I think that they felt it was a final move for 
them; my father had a nice industrial base; it turned out for some 
reason that quite a few years later he switched to working for 
Phillips itself; it was certainly more difficult for my parents; they did 
relate to other refugees, not necessarily Jewish ones alone; they 
were not engaged politically during the interwar years; I became 
more so with student societies where I was a member of a couple 
which were slightly socialist; I was one of the founding members of 
the Sydney University Bushwalking Club, and that took a lot of 
time; also played a bit of tennis and swimming; at that time there 
was just one university in Sydney so I had no choice; in Vienna I 
had been top of my class but in September 1938 there was just one 
Jewish school; only 10-20% of Jewish children were able to go there 
and it was academically selective; I found suddenly that I was no 
longer top of the class in all subjects; some of the children beat me, 
some of them girls; I had never been in a school with girls so it was 
a strange experience; at that time, although life was pretty tough, I 
put the possibility of surviving to adulthood reasonably low; that 
was just when I started thinking of what I would do; I got some 
support from my parents although we had similar ideas; once we 
were in Australia my mother did a few tutorials but did not work 
full time; hard to tell if she regretted this; she was not all that 
academically minded despite the difficulty and trouble she had 
gone to get a PhD 
  
38:03:17 When I found that I was not top of the class except in 
maths and science, it was those that I thought I should follow; 
physics was what I happened to like best quite apart from it being 
also what my parents did; the Sydney department was somewhat 
mixed at the time; many of them were a little bit stodgy but some 
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were really very good; one man called Victor Bailey really did 
important research in electricity and gases in what now would be 
called plasma physics; it was a good place in general; for the four 
years that I was at the University there were not yet many European 
professors; my interest in astronomy is complicated; there was a 
man at Caltech, at the Kellogg Radiation Lab., a nuclear 
experimentalist, Willie Fowler; he knew he wanted to build up an 
interest in nuclear astrophysics; he invited me to come for a 
summer in 1951; at that time I didn't know about nuclear 
astrophysics but I was a little bit of an expert in nuclear physics; 
when I came to Caltech Willie Fowler told me of an important 
topic, namely how you go from helium nuclei to heavier nuclei in 
evolved stars; you certainly can't in main sequence stars - they are 
only about 10,000,000o in the centre, maybe something else would 
do it; it soon became clear that there were giant stars although their 
surfaces were pretty low temperature because they have a very large 
radius, have quite hot interiors; at that time one didn't know too 
much about the structure of stars, but qualitatively we knew that 
was it; clearly the way to go from helium to heavier elements would 
be to first go to carbon – that’s helium-4 to carbon-12, just three of 
those together would do that - but the question was in detail how 
do you do it; having a triple collision is just not very easy; luckily I 
already knew that the in-between thing, beryllium-8 which would be 
two helium nuclei instead of the three in carbon isn't stable, that is 
why you needed to do the triple alpha eventually; it turned out that 
it was almost stable, that you needed some energy to go from two 
heliums to this resonant state in beryllium-8 which would then 
decay back again; at any rate there was this equilibrium and then 
you can easily add another alpha particle to the beryllium-8; that 
was a very easy way to get a lot of energy out of that reaction; I then 
made some mistakes in that as well, but unless you are interested in 
Fred Hoyle I won't go into that 
  
44:47:20 At the end of my undergraduate work at Sydney I had got 
interested in quantum electrodynamics; there wasn't much work on 
this in Australia but it was a red hot topic in England and the USA; 
what I did for a masters degree was a pedagogical review on that 
which got me a fellowship given by the Commission for the 
Exhibition of 1851; it was a prestigious fellowship which you could 
take anywhere in England, which I wanted to do anyway; I then 
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had my first big dilemma; I could have gone to Cambridge were 
Paul Dirac was, an a much more prestigious place than a red brick 
university, but the few people who really knew advised me correctly 
that although Dirac was a great man he would be a lousy thesis 
advisor; at that time the best graduate school in theoretical physics 
in general was Rudy Peierls in Birmingham; I am glad that in spite 
of the many voices the other way I listened to the few voices who 
said I should go there; I did, and it was indeed the best; Oxford 
and London were somewhat similar to Cambridge, not quite as 
prestigious because they did not have Dirac; I got to know him 
while I was still a graduate student in Birmingham; I used to make 
pilgrimages to Cambridge to see him, also I became friendly with 
the three people who invented steady state cosmology, Fred Hoyle, 
Hermann Bondi and Tommy Gold, so I knew them before I had 
got my PhD; Birmingham was the right choice; it is very different to 
have the right person to be a thesis advisor rather than just having 
excellent people of whom you ask questions; there is no doubt that 
Rudy Peierls was by far the best; he had a fairly big house and after 
the first year I actually lived with him; his wife was the daughter of a 
Russian General and was also my landlady and the "mother" of the 
Department; Peierls was especially great for somebody like me 
who wanted to be a generalist because he worked on many 
different fields inside theoretical physics; of course quantum 
astrodynamics, which I was doing, but also statistical physics, solid 
state physics etc.; each graduate student not only had a different 
topic but these many different areas; he also grew up in a Jewish 
family in Germany; we did not speak in German together; for a 
great supervisor, it helps to work in many different fields, but the 
more important thing may be that in each field he had a number of 
different specific topics and you could choose which one; the really 
important thing is that a good thesis advisor knows how to draw the 
line between giving you detailed advice, on the one hand, and 
letting you work on your own with just an occasional remark, on 
the other; Peierls did that really well; he was involved in the 
Manhattan project and arranged for Klaus Fuchs to also join it; 
Fuchs was found to be a spy while I was still with the Peierls' in 
Birmingham; that was a very big shock; it is not quite clear whether 
I took two years or three to finish my PhD, in the sense that I had 
it finished in two years but I wanted to stay another year in 
Birmingham; in the English system, unlike here, you specialize 
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more as an undergraduate so you do your PhD work much faster; 
there was not much in the way of graduate courses, at least it didn't 
mean much to you; it is a pity because there were some quite good 
mathematics teachers in Birmingham whose courses I could have 
gone to, but didn't; interestingly enough I don't even remember the 
title of my PhD and furthermore I didn't even put it in my 
references in my autobiography; not that it was wrong - it had to do 
with the self-energy of the electron which I took seriously, but 
started with a finite radius for the electron and then went to zero 
and did that all very vigorously; I did that OK but what I didn't do 
and should have done and was done by other people, is what is 
called renormalization theory; what you are really interested in is 
how a free electron differs from an electron in an atom; in 
particular there was just after I did my thesis the experimental 
discovery of what is called the Lamb shift, showing that two levels 
according to the Dirac theory should have the same energy or 
slightly different ones; my thesis topic was such that I could easily 
invented that, but I didn't even think of it; I had chosen the topic 
myself; at that time I thought that doing rigorous things were 
important or elegant, so I chose it from others that Peierls 
suggested. 
 
[Edwin Salpeter died 26th November 2008] 
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Other possible volumes 
 
 
This is one of a set of volumes in the sciences, arts and 
humanities. Among other possible volumes  (though not 
necessarily in clusters are the following.  
 
Sciences 
 
Biology, zoology and ethology: Patrick Bateson, Gabriel Horn, 
Robert Hinde, Michael Bate, Alison Richard, John Gurdon, 
Horace Barlow, Ken Edwards, Barry Keverne, Vittorio Luzzati, 
Azim Surani [2 volumes] 
Physiology and medicine: Andrew Huxley, Richard Keynes, 
Yung Wai (Charlie) Loke 
Chemistry and biochemistry: Sydney Brenner, Dan Brown, Hal 
Dixon, Aaron Klug, Frederick Sanger, John Sulston, John Meurig 
Thomas, John Walker, David King [2 volumes] 
Astronomy and cosmology: Antony Hewish, Martin Rees, Neil 
Turok, Owen Gingrich, Edwin Salpeter 
Physics and mathematics: Richard Friend, Dan McKenzie, Brian 
Pippard, John Polkinghorne, Herbert Huppert, Julian Hunt, 
Professor John Coates, Sir Peter Swinnerton-Dyer, Jeremy 
Sanders, Haroon Ahmed, John Simpson [2 volumes] 
Computing and technology: Andy Hopper, Ken Moody, Jean 
Bacon, Hermann Hauser, Keith van Rijsbergen, Ben 
Shneiderman, Maurice Wilkes  
 
[possibly 10 volumes in all] 
 
Arts and humanit ies 
 
Anthropology: currently there are 84 people whose interviews 
and/or lectures are up on the web. [probably about 10 volumes] 
History: 19 historians on the web [probably about 4 volumes] 
Sociology: Michael Banton, John Barnes, Andre Beteille, Ronald 
Dore, Ronald Frankenberg, Stuart Hall, Geoffrey Hawthorn, 
Michael Mann, David McLellan, Garry Runciman, Richard 
Sennett, M.N. Srinivas, Peter Worsley.  [2 volumes] 
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Economists: Partha Dasgupta, Wynne Godley, Geoff Harcourt, 
James Mirrlees, Robert Rowthorn, Richard Smethurst 
Literature: Peter Avery, Gillian Beer, Frank Kermode, Christopher 
Ricks, George Steiner, Toshi Takamiya 
Explorers: Ursula Graham Bower, Owen Lattimore, David 
Snellgrove, John Cross 
Musicians and artists: Stephen Cleobury, John Rutter, Antony 
Gormley, David Willcocks 
Demographers: Luigi Cavalli-Sforza, Akira Hayami, James Lee, 
Osamu Saito, Richard Smith, Tony Wrigley 
Theologians and philosophers: Don Cupitt, Simon Blackburn 
Law and politics: Tom Bingham, John Machin, Nicholas Phillips, 
Rosemary Polack, William Waldegrave, Richard Wilson 
Ethnographic film-makers: Karl Heider, Paul Hockings, Gary 
Kildea, Liang Bibo, David Macdougall 
Others: Charles Chadwycke-Healey (publisher), Martin Jacques 
(journalist), Laurence Picken (ethno-musicologist), Colin Renfrew 
(archaeologist), Don Cupitt (theologian), Simon Blackburn 
(philosopher), Allan Brigham (road sweeper and Cambridge guide)   
Teachers: Andrew Morgan (school – history), David Alban, 
(school  - English), James Campbell (undergraduate – history), 
Keith Thomas (postgraduate – history), Christoph von Furer-
Haimendorf (postgraduate – anthropology) 
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